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NEW EXPERIMENTS 
RELATING 10 


P H O S PH O R I, 
AND THE 
PRISMATIC Colours 
They exhibit in the DARK. 8 


— 


HE Bologna ſtone, which has been ſo 

much ſpoken of for it's pro of ſhini 

in the dark, and which was firſt diſcover 
by accident, engaged the attention of many ex- 
cellent chymiſts and experimental philoſophers to 
examine the nature of it's com * and ſearch 
for the moſt advantageous method of calcining it, 
and making it luminous. | 
In conſequence of their diligent reſearches, we 


find very different and ingenious proceſſes in various 
| A learned 
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learned works: and particularly in the Berlin acts, 
by the celebrated M. Marggraaf; who in analyſing 
the heavy fuſible ſpar, and others of the like kind, 
produced ſome very fine phoſphori. But no one 
that J have ever yet met with has been more ſug- 
ceſsful, or has made a greater figure in experimeũts 
upon this ſubject, than the learned Beccari.of Bo- 

a. 

This excellent obſerver, by great patience and. 
induſtry, joined to very great abilities in philo- 
ſophical enquiries, * made many new diſcoveries, 
which he publiſhed in two memoirs in the Bologna, 
_ for the years 1744 and 1747, upon this ſub- 

from which it- appears that the family of- 
Choſphor have been by him extended to an 
amazing number. Some ſhining with a. * 
and others with a leſs light, er having 
expoſed to the ſun, for. a few ſeconds,. _ 2 
removed ſaddehly into the dark. 

The moſt brilliant. phoſphori which he diſ- 
covered, were from linen, paper, ſome earths, 
ſtones, gums, and even the human ſkin: 
others, when they were pr 2 dried or roaſted. 
Thoſe memoirs containing ſo many curious facts, 
and this undertaking of mine Lig a kind of 
ſequel to- his diſcoveries, .T have thought, it not 
improper to publiſh a tranſlation of them at the 
end of this work: as they may ſerve to illuſtrate ; 
each other, and render the whole « oF. this enquiry 
more ea(y. to be underſtood. 


The. 


t 3 
The apparatus 518 by Beccari at firſt, 
for bringing bodies ſuddenly from the light into 
the dark, did not, as he acknowledges, anſwer 
the end required ſo well as the ſecond he made 
I have had the fatisfaction of trying both me- 
thods, and found that the latter was, on many 
accounts, more eligible, and better calculated for 
the purpoſe. But as the duration of the phoſphoric 
light, mentioned by him, was ſhorter conſiderably 
than what I have obſerved, I am inclined to think: 
that one difference, at leaſt, aroſe from a difference 
in the degree of darkneſs obtained, between the 
kind of box he made uſe of; and the ſmall cleſer 
J employed, the dimenſions of which being about ſix 

feet by five and a half. | 
It was painted black, or covered with black 
baize in every part; and had two doors that were 
five or fix inches broader and longer than the ſpace 
to enter at. There were two cuttaim of black 
cloth over the hole where the hand waggocca- 
ſionally put out, to expoſe bodies to the Tight; 
the outer one conſiſted of three doubles, and the 
inner one of as many. All theſe were. conſiderably 
larger than the aperture, which was about fifteen 
inches diameter, and opened to the South. There 
were ſmall leaden weights faſtened to the bottom 
of each curtain, to preſerve them in their places 
when the hand was drawn. into the oom. And, 
that I might breathe the air freely, arid continue 
longer in the cloſet without any inconvenience, 
_— | there 
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there were fixed two curving pipes, about three 
inches diameter; one communicating with the ex- 


ternal air from the top of the room, and the other 


with the external air from the bottom. The cloſet, 
in which I made theſe experiments, was in the 
houſe, of Edward Delaval, Eſq; which ſtands in an 
open fituation on the fide of the Thames, at Weſt- 
minfter. 4 

In my firſt experiments I adhered ſtrictly to the 
rule laid down by Beccari, of preparing the eyes 
for obſervation, by continuing in the dark a full 
half hour before an experiment was attempted to 
be made. But I now find that a much ſhorter 
time is ſufficient, at leaſt, for my purpoſe, and 
with my eyes; unleſs the bodies to be examined 
afford a very feeble light. Before I begun to make 
any new experiments, I repeated many of thoſe 
made by Beccari, and found that they anſwered, 
in general, as he hath related them. In the 
courſe of theſe trials my attention. was chiefly en- 
gaged with ſuch of the phoſphori only as appeared 
moſt rilliant : they being the beſt calculated for 
my purpoſe to make further experiments upon; 
not only on account of their great ſplendor, but 
the duration of it. Of thoſe luminous appearances 
the experiments upon paper are not the leaſt 
conſiderable. | | | 

For Beccari, having obſerved that paper would. 
ſhine pretty well in the dark, and with an equable 
light throughout, after it had been expoſed to the 


ſun, 


. 
fun, tells us, that he laid a ſheet of it upon a 
gridiron, and underneath it placed ſome burning 
coals ;. that, when the paper had been heated 
enough, he expoſed it to the light, and then re- 
moved it into the place of obſervation, where 
he found the paper ſhining with an uncommon 
light: and that on thoſe parts of the paper which 
had been covered with the bars there was an 
appearance of darkneſs, which exhibited the out- 
lines of the bars terminated with the greateſt pre- 
cifion. | 
The ſame ingenious author mentions afterwards 
another experiment, where he laid a pretty thick 
plate of braſs upon the paper, which had been 
vioufly made fo hot, that it could hardly be 
Id in the hand, but yet it was not fo hot as to 
hurt the paper: when the plate had made the 
paper ſufficiently warm, he expoſed it to the light 
as before, and afterwards removed it into the dark. 
That part of the paper which the plate had touched 
appeared to him of an extraordinary brightneſs ; 
and ſhewed the figure of the plate perfectly de- 
fined: the other part of the paper exhibited the 
uſual light, evenly diffuſed over every part of it. 
This extraordinary effect of heat upon paper 
induced me to purſue it further. Accordingly I 
had recourſe to what IT thought a more convenient 
method, - as it ſeemed better calculated to vary the 
degrees of heat. This was nothing more than a 
common ſmoothing iron, ſuch as the women em- 
&f ( NT RY 10m « 1 6 | ploy 
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ploy upon linen, into which 1 occaſionally put a 

red hot heater. | ran 1 
One day, in the month of Auguſt, when the 
ſun was ſhining, I placed the ſmooth ſurface of the 
heated iron on a quarter of a ſheet of white paper 
which laid upon a table, and continued it there 
for three or four ſeconds. After that, I placed 
the paper in the cylinder of the firſt apparatus 
deſcribed by Beccari, and in the manner he had 
done. On N this paper to the ſun for two 
or three ſeconds, and then removing it into the 
dark ſuddenly, by turning the cylinder back again, 
a light appeared ſo very bright, that I thought 
ſome accident had happened to the apparatus; 
and that, in conſequence of ſome fracture, the 
light of the ſun had ſhone through it upon the 
paper. After examining every part, and finding 
that all was ſecure, I repeated the experiment 
many times, without warming the paper afreſh ; 
when I was ſoon ſatisfied, - that the extraordinary 
brightneſs on the paper was manifeſtly phoſpho- 
ric, and exhibited the exact ſhape of the iron. 
The other part of the paper ſhone alſo, but fo 
Faintly, that it looked like a ſnade compared with 
that ſplendid appearance. 112 . 
. Upon warming the paper again with the ſame 

iron, and repeating the experiment, by expoſing it 
to the light, 1 placed the iron upon a part of the 
luminous appearance for about two ſeconds, By 
this treatment, as much of the phoſphoric light ag, 
the iron covered, and no more was totally extin- 
| guiſhed. 
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guiſned. This extraordinary effect, which dces 
not appear to have been obſeryed by Beccari, ra- 
ther excited my attention; and ſtill the more ſo 
upon finding, that, When I expoſed the paper again 
ta the ſun, dhe brightneſs was reſtored. 
F therefore varied the experiment, by applying, 
the ſame iron, when it was cold, to the luminous 
part of the paper. Accordingly, immediately 
be the li; F* t was renewed, placed the iron 
on the bs part, and continued it there, in 
different trials, from two or three, to eight or ten 
ſeconds, without having any effect upon the light. 
I had then the curioſity to try the effects of 
— bodies upon the. illy minated paper, when 
ok were in the ſame ſtates, both as to heat and. 
And firſt with e to heat: 
Having heated a ſmall piece ef gold, I laid it 
in the middle of the luminous part of the paper 
for two or three ſeconds; and after removing it 
T'obſerved*a dark ſpot exactly the ſize of the gold, 
which became luminous again by pong t-49: 
the light., * 
Siber, and other metals, when they were made 
ally hot, produced the ſame effect. 
I then heated a piece of marble ; and after that,, 
a ſtone of the grit kind; alſo glas, and two or 
three different bre of wood; each of thoſe had 
the ſame effect upon the luminous part of the: 
„as the heated iron, &c. 
Inow repeated the experiment wich all theſe | 
ſubſtances, when they were in a cold ſtate, but. 
not: 
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not one of them had any effect upon the luminous 
appearance. 

Now as all thoſe bodies were applied in contact 
with the paper, I varied the experiment again, by 
ſuffering thoſe bodies to approach no nearer to the 
luminous part of the paper than about the 3oth 
part of an inch. | . 

For this purpoſe I provided myſelf with a circu- 
lar rim of braſs, which was open in the middle. 
This I laid upon the phoſphoric light of the paper, 
and then placed the heated iron upon it; and 
though I varied the times of continuing the iron 
upon the braſs, yet it had no effect upon the lu- 
minous part; except where the braſs was in con- 
tact with the paper, and there it appeared more or 
leſs dark in proportion to the heat which the different 

s of the braſs had acquired from the iron, 
Having now ſeen the effects of different appli- 
cations of heat upon the phoſphoric light, I was 
ſollicitous to obſerve the effects of fluids, when in 
the fame ſtate, upon the ſame luminous appear- 
Mee, IT . iy 4 * IP? uy _ 
To this end, whilſt the paper continued ſhining, 
I dipped a part of it in boiling water. This treat- 
ment preſently extinguiſhed the luminous appear- 
ance. Upon expoſing the paper again to the ſun, 
though in it's moiſtened ſtate, the ſplendor revived : 
but then it was not quite ſo bright, as before it's 
immerſion in the water. ws 

In very hot oil the phoſphoric light did not diſ- 

appear fo ſoon: on expoſing it again to the 122 
. ;  DIO9I 68 13. FEITWv* YC ES * the 
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the paper ſhone ſomething brighter, than when 
moiſtened with water. 

"Theſe different fluids, in their cold ſtate, had 
but little effect upon the luminous appearance, or 
upon the duration of it. And I find ſince, that 
the learned Mr. Du Fay had obſerved the ſame 
thing, by plunging other ſubſtances in cold water. 

In the e Fog theſe experiments, I was a 
little ſurprized with a ſingular appearance. For 
when the hot oil was brought into dhe cloſet, where 
I had continued for a conſiderable time, I obſerved 
that the oil, as well as the baſon which held it, 
were both diſcernible ; and likewiſe ſeveral objects 
that happened to lie near, without the aſſiſtance 
of any light from without. | | 

Beſides this fingular appearance I made another 
obſervation upon an effect the heated iron produced: 
though I have found ſince, the learned Marggraaf 
has deſcribed the fame appearance which he had 
obſerved with the fuſible ſpar, when expoſed to a 
heated plate of iron. 

It was this: after the iron had made the lumi- 
nous part of the paper dark, I continued it upon 
the paper for eight or ten ſeconds more. In con- 
ſequence of this, a new phoſphoric light was pro- 
duced, without expoſing the paper afreſh to the 
ſun. The brightneſs of this light was about equal 
to half of that 1 light which the ſun 

uces on paper. On examining the r in 
— open rg. there appeared — a 8 
yellowiſh tinge in 9 parts where the men 
"$7.8 2190 - been 
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been in contact. And perhaps it may be worth 
while to obſerve, that this paper, notwithſtanding 
the tender tinge, would ſhine very well in the dark, 
upon preſenting it again to the ſun. 

ul 1 found — the paper happened 

to be burnt conſiderably darker, fo that it bordered 
upon blackneſs, it would not produce any light by 
being expoſed to the ſun. 

Dr. Prieſtley, in his hiſtory of Beccari's diſ- 
coveries, has mentioned a very remarkable experi- 
ment. He tells us that Beceari found, that paper, 
after it had been made red bol, and cooled again, 

| was an excellent phoſphorus . I'muſt own, that 
| upon the ſtricteſt reſearch into the work to which 

| he refers, I have not been able to find any ſuch 
i | account. Nor do I conceive in what manner paper 
ol can have been made red: hot, and afterwards cooled, 

| without being reduced to es. I ſhonld never- 
| theleſs be greatly obliged to the learned hiſtorian 
| who relates the- experiment, for an explanation of 
! his meaning, if he can point -out the paſſage to 
1 which his elaborate work refers. 


Linen, 


4 Beccarius himſelf ſuſpected that many other changes in 
cc the int. rnal ſtructure of bodies were made by the light of the 
„ ſun, and he was —— that ſeveral ſubſtances 1 had the 
<< property of imbibin t, were much injured by them in 
« that reſpect. He found that peper, after it had bam made red 
<< hot and cooled again, was an excellent phoſphorus of this. 
« kind; but he was ſatisfied, notwithflanding his firſt ſuſpicions. 
to the contrary, that it was greatly injured by being eipoledꝰ 
< to the light.” | een 

Dr, Prieftley's Hiſt. of Viſipn, Light, and Colours, p 382. 
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Linen, treated in the ſame manner-as the paper 
was in all the preceding experiments, afforded very 
nearly the ſame 222 except that the 

hoſphoric light upon ſome ſine linen was conſidera- 
by brighter than upon. a coarſer kind ; and that the 
duration of the light was very near twice as long. 
And yet Juhave met with ſome inſtances where 
exceeding coarſe linen has afforded @ very bright 
light, which laſted full as long as the finer fart. 

I now laid aſide the cylinder, upon finding ſeveral 
inconveniencies ariſing, from the uſe of it: and in 
it's place I put the pthes us, conſiſting of. - 
the black curtains only. TH continued to em- 

ploy during the whole time of my reſearches : but 
| ith this difference, that I as obliged to ſhut my 
eyes at all times whilſt Fexpoſed the bodies to the 
ſun, on account of the light which entered the 
cloſet by the unavoidable opening of the curtains. 

Sugar not only ſhines very well in the dark, but 
may be made a much finer phoſphorus by a proper 
application of heat. I ſound this by expoſing it 
in contact with the ſmooth part of the heated iron; 
which was not hot enough to melt the ſugar, but 
2 ſufficient to leave a whitiſh gloſs upon it's 


acc. * 

I endeavoured to increaſe this brightneſs further 2 
by a variety of means, and iculacly by melt- | 
ing very {mall quantities thereof upon a card, 
with the aſſiſtance of the heated iron; but they 
did not anſwer my expectations. However, m 
frequent attempts produced a very ſingular 

˖ | B 2 which 


12 
which in it's conſequences turned out to be of 
conſiderable uſe in my reſearches. | 

The ſmoothing iron I made uſe of, by repeated 
experiments, and thoſe for ſeveral days together, 
was grown foul with the ſugar, and perhaps 
other matter, ſticking to it ; ſome of which were 
melted, and others not. I neverthelefs continued 
to uſe it in the ſtate it was. And one day, in 

reſſing the iron upon a card where a little pow- 
dered ſugar had been previouſly laid, and which- 
was melted by the heat from the iron, I obſerved, 
after drawing the card in from the light, a moſt 
beautiful green appearance in ſeveral parts of the 
card, and exccedingly brilliant; it reſembled moſt 
the colour of a very fine emerald in the light of the 
ſan. Perhaps the novelty of it might prejudice me, 
and induce me to think it brighter than it really 
was. The duration of it was as long as the white 
light in other parts of the card. When the 
n colour vaniſhed, I renewed it many times, 
and for four or five days afterwards, by only ex- 
poſing the card again to the ſun. 

Several times j, Patra F made the fame expe- 
riment upon two or three other cards with equal 
ſucceſs. But I ſoon ſound that it was not always 
in my power to produce it, notwithſtanding I 
made uſe of every means I could think of in 
numberlefs attempts. All theſe trials ſatisfied me, 
that the green, produced above, muſt have de- 
pended upon ſome circumſtances I am not yet 


acquainted with, © 
Beccari 
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Beccari has obſerved, that ſugar. would ſhine, 
not only upon it's ſurface, but within it's ſub- 
ſtance throughout. 1 found the obſervation true, 
by breaking it, and even pounding it ; for all the 
parts continued equally luminous. 1 
I then plunged in cold water ſome freſh, en- 
lightened lumps, without. being able to obſerve 
any alteration in their ſplendor. . The duration of. 
this light in the water was nearly as long as that 
from other lumps which were out of the water. 
In this place I muſt obſerve, that the phoſ- 
phoric light ceaſes before the ſugar is intirely diſ- 
ſolved; and though hot water diſſolves ſugar much 
ſooner, I could nevertheleſs perceive a * for 
two or three ſeconds; and this appearance I con- 
jecture was owing to the water, and perhaps the 
heat, not being able to penetrate it immediately. 
White ſugar- candy ſhines alſo in cold and 4 
water, after it has been expoſed to the light, 1 
for a longes time reſpectively. And though loaf- 
ſugar, and ſugar- candy, have been immerſed in 
cold water for a few ſeconds, they will, even 
in their moiſt ſtate, ſhine afreſh upon expoſing 
them again to the * | 3 
Among a variety of experiments upon vegeta- 
bles, . Ader 5 — brea 3 . is 
a little toaſted; ſhines very well. But I do not 
find that the light thereof penetrates, farther than 
the ſurface of it; becaule, on 9805 * the 
new ſurfaces, are totally dark. Bread I. find will 
chine in the dark without being toaſted We 
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the light is rather weak, and that may be the 
reaſon why Beccari had not obſerved it. 

The light which gum arabic affords anſwers 
fully Beccari's deſcription of it. Gum copal 
ſhines leſs than gum arabic, except when it is 
very well dried by a fire, and then 1 fonnd it to 
be a very good phoſphorus. Both theſe gums I 
obſerved ſhine nearly as well in cold water, end 
almoſt for as long a time as in air. 

Cotton is no inconſiderable phoſphorus; at 
leaſt, it is as good as paper wo go yer the applica- 
tion of heat. | 


HAVING finiſhed what I had to obſerve upon 
the vegetable kingdom, we ſhall now attend a 
little to the animal kingdom. 

I find that common joiners glue ſhines conſide- 
rably better than bread untoaſted; but, upon ex- 
poſing glue to the fire, till it was extremely well 
dried and ſo as to ſwell and change it's colour to a 
lightiſh yellow, I obſerved it gave a very fine yel- 
lowiſh light, which would ſhine in cold water for 
a conſiderable time, and nearly | as een a8 in 
air. 

N are ſome bones that Rise . bene 
an others, and ef; if happen to 
properly dried: — tb — . — I muſt obſerve, 
thar there are others which do not afford ny light 
that I could perceive.- 
| Hair, and wool, are 4110 ſubjeet oe though 
not in any great degree; but even theſe differ alſo in 


that — for ſome hair, as well as 5 ſome _ 
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ſhine better than others: but wool in general 
ſhines conſiderably brighter than hair, | 

Feathers give a little phoſphoric light; the 
white appear the beſt ; the yellow ones next; red 
and green the leaſt; but the quill part ſhines in 
general better than even the white of the feathers. 

There are few ſhells but what ſhine, and ſome 
fo conſiderably, that they exceed the light which 
paper affords : for example, oyſter- ſhells, cockles, 
and what is called the'ſkuttle-fifh.”! 

I have tried a great many other ſabſtances in 
the animal kingdom, but I decline giving any ac- 
count of them, as Beccari hath obſerved the 
ſame, in a very able manner, EY more that 
are ee curious. | 


IN regard 10 the minced Liegdoms Becca 
has given us a great variety of very fine phoſphori. 
His diligence has been ſo great in this diviſion 
of nature, that I had very little hopes of 
adding any thing oonſiderable, which might be 
worthy of notice. However, I was 2 
to purſue my obſervations upon fuch ſubſtauces 
as were the moſt phoſphoric : but not without 
fome expectations that chance, and induſtry, 
would in time daſcover fomething more deſerving: 
my attention, than barely n ped the 
brilliant phoſphori. 

. Contrary to Becccaris plan, the feſt objeR 1 

in view was to examine the gems; notwith- 
ſtanding they had bren diligently attended to by 

him, Du Fay, and others. 
Among 
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Among thoſe that are phoſphoric, there are 
many diamonds, and ſome of different colours, 
which ſhine very well, and appear lucid through- 
out. There are others, and thoſe very fine, that 
give little or no light, which agrees with the ob- 
ſervations made by Mr. Boyle, Du Fay, Bec- 
cari, &c. | 
However, I had a ſingular opportunity, by the 
favour of Lord Pigot, of examining in the dark 
his exceeding fine diamond, it being the moſt 
valuable one in this kingdom from it's water and 
fize, and weighing two hundred grains. The great 
luſtre and magnitude of it, though anſet, were 
flattering circumſtances that it would produce a 
confiderable phoſphoric light. But our expec- 
tations were greatly diſappointed by making the 
xperiment. For inſtead of perceiving a brilliant 
phoſphoric appearance, we only were able to ob- 
ſerve light enough from it to pronounce it's pre- 
ſence, after it had been expoſed to the ſun. The 
degree of this light did not exceed that produced 
from the red and green feathers mentioned be- 
The ſame noble Lord, _ was extremely 
obliging and ready to promote the enquiry I had 
in had, produced a large brilliant yi ng which 
was alſo. unſet. This diamond gave no better 
light than the former. „ene 
But a large yellow diamond, ſet in a ring, and 
which belonged to the ſame nobleman, produced 
a very good light, that laſted ſeveral 1 
ne n S 


* 
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Some diamonds of leſs value, which were alſo 
ſet, and ſome of different colours, were phoſphori : 
but ſome ſhone better than others. 

Two rubies, a ſaphire, topaz, and aqua ma- 
 rine, which were very large and fine of their kind, 

ve no light. | 

The opal gave a pretty good lighe, but a _ 
emerald only an indifferent one. 5 

The cat's eye made as indifferent an appear- 
ance : but a very large pearl in Lord Pigot's col- 
lection ſucceeded better: the light of which be- 
ing nearly equal to that which — gives with- 
out heat, and the duration of it was about Me 
ſeconds. | 

Beſides theſe gems, I was favoured with ſeve- 
pf more of conſiderable value by Lord Seaforth : 

rticulafdy, a yellow diamond that was ſet 
— parently, which gave a moderate light, 
thou 1 it rained heavily at the time of ob 
it. 7 mention the circumſtance of tranſpareney, 
becauſe the yellow diamond belonging to Lord 
Pigot deſcribed above, had a forl underneath it. 


MARBLES have been obſerved by Beecari to 
ſhine with a conſiderable degree of light: but 1 
find that Portland ſtone, and a whitiſh ſtone of the 
grit kind, which is very common, and found in 
England, ſhine a great deal better than mand, 
or even alabaſter, or lime- ſtone. 

Some mortar from an ancient part of the Tower 
of London exceeded the grit ſtone, and even chalk; 


though it had been in the fire for ſome time. The 
t 3 light 
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light diffuſed over the ſurfaces of thoſe bodies did 
not appear to penetrate any farther: for, upon 
ſcraping or ſcratching them, there was a total 
darkneſs underneath. 1 | 
_ Flints, I found, differ very much in the degrees 
of phoſphoric light they afford; the cleareſt kind 
having the advantage: and thoſe ſeem to ſhine 
internally as well as externally. I have made the 
the ſame obſervation upon many ſpars and ſome 
cryſtals. | | | RPDS ö 2 5 
A very fine ſpecimen of ſpar from Derbyſhire, 
of a cubic. form, ſhone as bright as ſugar in it's 
improved ſtate by heat. And when I plunged it. 
in cold water, the light continued very nearly as 
long as in air. But in hot water this was not 
the caſe: for the light diſappeared in a quarter of the 
time. This ſpar, beſides many others, as well as 
various other ſubſtances, and eſpecially if they 
happen to be of an inflammable nature, ſhine in 
the dark, merely by the application of heat. It 
is the ſame with a kind of greeniſh ſpar or fluor 
from Sweden. This fluor, expoſed to the light, 
ſhines full as well as ſugar in it's common ſtate. 
But what appears remarkable, is, that though it 
may not be one of the moſt brilliant phoſphori, 
yet it's light continues above ſix minutes. This 
ſeems contrary to Beccari's rule, which ſays, that 
bodies ſhine the longer, the brighter they are: 
now ſome of the brighteſt. phoſphori that I have 
bitherto. obſerved, do not. laſt above thirty ſe- 
conds. r 
2 Tutty, 
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Tutty, Beccari obſerves, will ſhine on the convex, 
and not on the concave part; I mention this laſt cir- 
cumſtance as I find the concave part does give a light; 
but then it is a feeble one c red with the other. 

White arſenic- affords a Veht almoſt as binge as 

per in its common ſtate. | 

Corroſive — gives a * light confi- 
derably. 

The. flowers of zinc produce a better light than 
corroſive ſublimate: and ſometimes the colour of 
it is inclinable to the orange. 

IN examining all the calcareous bodies I could 
think of, 1 obſerved in general, that they produced 
about a middle degree of light between the brighteſt 
and fainteſt phoſphori I have yet met with. The 
light of moſt of them, however, was increaſed 
by calcining them in a crucible; and in ſome more 
than in others: particularly lime-ſtone, chalk, and 
oyſter-ſhells. Among the laſt I ſometimes imagined 
there were faint appearances of colours. In two 
or three ſpecimens I am certain of having obſerved 
an orange colour, and a very tender blue. But not 
meeting with the ſame appearance on others, after 
repeated . gave add hon 


that time. | 


1 


7 


AMONG the neutral alte e mdacicds 


borax as ſhining with a conſiderable degree of light, 
but has not told us, whether it Was refined or not. 


The phoſphoric light from either the native or 


refined borax, I have not found the leaſt remark- 


able, The latter has the advantage over the other: 
C 2 | but 
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but even that, is not brighter than what ſugar 
affords without the application of heat. | 

When borax is calcined, the light is a good deal 
improved: but not near ſo much as when it is cal- 
cined with chalk, The ſplendor this compoſition 
affords, when it is, properly made, is very great 
indeed; and very near being equal to the moſt 
brilliant phoſphori I have yet met with. 

It was- after a variety of trials, and without 
ſucceeding, that I thought of putting a lump of 
borax into an iron ſhovel, and afterwards a large 
ſurface of a lump of chalk upon the borax 
while it was melting. In a little time part 
of the chalk incorporared with the borax, and 
formed a kind of calx, which ſpread from under 
the chalk in large feather-like forms, cutling up- 
wards. The heat was continued only till all the 
borax was reduced to a calx. The upper ſurtage 
of this calx was the part that ſhone ſo bright. 
The under ſurface being conſiderably leſs bright: 
and the chalk "itſelf, that was -untouched by the 
borax, gave only the light that is common to it, 
which appeared as a pretty ſtrong ſhade, compared 
with the very great ſplendor of the calx on it's 


upper ſurface. | 
| After this I combined borax with many other 
ſubſtanees, ſuch as gypſum, oyſter-ſhells, lime- 
None, ſulphur, &c. but the light they afforded was 
I then examined the ſedative falt, both by cal- 
ciuation and ſublimation: as likewiſe the foſſil 
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alcali. Each of thoſe gave a light nearly equal in 
point of brightneſs: and very near equal to borax 
calcined alone. 

In the courſe of theſe experiments I was ob- 
ſerving the p jy 19907 effects of different pieces of 
amber, ſome hich were poliſhed and others 
not. The poliſhed ones gave a much better light 
than the others; but even thoſe were not quite ſo 
bright as paper without the application of heat. 
And having the heated iron at hand, I placed one 
of the poliſhed pieces upon it. In a very little 
time a xeddiſh incaſe light appeared to dart from 
one end of the amber to the other : but this light 
ſeemed inſtantaneous, and reſembled very much the 
electric light. At the ſame time there was a kind of 
crackling noiſe attending it: which created a ſuſpi- 
cion that the amber had been injured by the heat. 
But, upon examining it in the open day, I could 
not perceive the leaſt alteration. 
I repeated this experiment with a large lump of 
amber, which was not poliſhed, and obſerved an 
appearance very like the former; but then this light 
did not extend ſo far; owing 1 ſuppoſe o the irre- 
gular ſurface not permitting the iron to be in con 
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___- WHILST 


Sol. of 


Copper. 
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WHILST I continued buſy in making theſe 


kind of experiments, and with other ſubſtances 


that were of an unctuous and ſulphureous nature, 
I till kept in my remembrauce the extraordinary 


green light which had been obtained from ſugar. 
The weather being ſettled, and very fine, I at- 


tempted once more to try whether I could not 
ſucceed in making it by ſome other means. And 


as I knew that copper, in certain circumſtances, 


would produce a green colour; I naturally had 


recourſe to that. ſubſtance, notwithſtandin g the 
diſcouragement I met with from the experiments 


and obſervations made by Beccari and others upon 
metals in general: and though I had no pretenſion 


.to any ſkill in chemiſtry, I had a mind to try what 
a ſolution of copper in aqua fortis would do, when 
united with a calcareous ſubſtance. oo; 


_ Accordingly, I put a ſmall quantity of aqua 
fortis, not exceeding five. drops, on a piece of 
copper, and continued it there near twenty ſe- 
conds. I then waſhed the ſolution off - ſuddenly 


with half an ounce of freſh aqua fortis. Upon 
-one ounce and a half of calcined oyſter ſhells, 
-part of which happened to be in 1 and 


part not, I poured the aqua fortis thus impreg- 
nated with copper, and let it ſtand about ſixteen 
hours; not for any particular reaſon, but that it 
happened to be moſt convenient for me on account 
of other buſineſs. I then poured off what the 
oyſter-ſhells had not taken up, and put the ſhells, 


which were in a paſte-like form, into a crucible, 
and preſſed the maſs down very cloſe. After this, 


I put 
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T put the crucible into a ſea - coal fire, which was 
pretty hot, and continued it there near forty mi- 
nutes. On taking it out, and letting it cool, the 
whole maſs came eaſily out of the crucible, and 
appeared of a dirty greeniſh hue externally. This 
maſs I preſented to the light ſeveral times, and 
drew it into the dark as often, without obſerving 
any thing more than a weak, greyiſh, dirty light ;- 
though every part of the furface was properly ex- 
ſed, and carefully examined. I then broke 2 
ittle off from the maſs at the end, which had 
been next the bottom of the crucible, when 
there appeared a largiſh lump of oyſter-ſhell, 
and more white than any other part in the open 
day. Upon preſenting this bottom part to 
the external light, and bringing it back again 
ſuddenly into the dark, I was exceedingly ſur- 
prized with a general appearance of colours, 
reſembling thoſe in the rainbow, but far more 
vivid. The red appeared the fineſt, and not 
unlike that which we meet with in old painted 
windows when the ſun ſhines upon it. The 
yellow was not near ſo intenſe, but very bright, 
and lay next the red. The green next; but ra- 
ther fainter than the yellow; and yet it was 
bright, though far ſhort of the green which I 
produced from ſugar. The blug was a good deal 
fainter, and not near ſo bright as the other colours. 
In regard to the purple I had ſome doubts, and 
therefore will not infiſt upon it's, being there. 
The whole ſpace thoſe colours occupied was 
more thah half an inch in length, and about one 
quarter in breadth. In 
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In confequence of this curious and accidental 
appearance of the colours, I redoubled my induſtry 
to diſcover the cauſe of it. 

The firſt ſtep I took was to examine the parts 
of the calx, where the colours appeared with a 
magnifying glaſs, and particularly thoſe next the 
confine of the red, where they were in greater 
abundance than in any other part. In making my 
obſervations, ſome parts that gave the phoſphoric 
red crumbled away by the lighteſt touch; for 
theſe obſervations were made on the ſixth da 
after the colours appeared ; and which probably 
would not have been the cafe on the firſt day, the 
whole maſs being then firmer and more compact. 

Some of theſe colours continued fix days at leaſt, 
but not near fo diſtin& as on the 1| and ad days; 
for the yellow, green, and blue, were conſiderably 
fainter than the red. On the 8th day they had all 
vaniſhed, and a white, yellowiſh light occupied 
their place; and this light was rather brilliant than 
otherwiſe. I have been very circumſtantial in 
deſcribing this experiment, becauſe I apprehended 
a great deal would depend upon it. On the loſs 
of this curious ſpecimen I was very induſtrious to 
replace it by repeating the experiment. But ex- 

rience ſoon taught me that it was not fo eaſy as 
* firſt apprehended. | 
However, in my ſecond attempt I took an equal 
quantity of the ſame ſolution, and poured it upon 
an equal quantity of oyſter-ſhells from the ſame 
parcel I had taken the former. The maſs, after 
being preſſed down in the crucible as before, was 
placed 


„ 
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aced in the fire for an equal time, and then 
expoſed to the light, after I had broke a little off 
from the bottom of the maſs, as I had done in 
the other experiment, but no colours appeared ; 
and what light there was ſeemed rather faint, 
and of a greeniſh duſky white. I then broke the 
whole maſs into a number of parts, and obſerved 
the ſame hue throughout. 2 7 1 l 

I varied the experiment many ways without 
ſucceſs. Sometimes the light from different 
maſſes in the different experiments appeared in 
colour like the new ſurfaces of broken ſteel. 
At laſt I begun to imagine, that larger ſolid 
parts of the ſhells might perhaps be neceſſary 
to produce the appearance of colours. But 
before I made the trial, I had an inclination to ſee 
what effe& other metals would produce when 
treated in the ſame manner as I had done the 


S 


In one ounce of aqua regia I diſſolved one leaf sol. of 
of gold, and poured the ſolution upon ſome of bold. 


the ſame calx. The maſs was preſſed down in a 
crucible, and expoſed to a pretty ſtrong fire for 
ten minutes. On taking the maſs out of the 
crucible, the whole lump appeared of a purpliſh 
hue by day light, and gave only a very little phoſ- 
phoric light, rather inclining to the purple. I 
then broke it into ſeveral pieces, notwithſtanding 
which, every, piece had the ſame purpliſh-hue in 
the open day, except two or three ſolid lumps, 
about the ſize of a pea; and thoſe appeared more 
white, and freer from the purple tinge. On ex- 

D poſing 
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poſing thoſe to the light, arid drawing them back 
into the dark, a yellowiſh white light appeared; 
and round about them, to a ſmall diſtance, the 
light was fainter ; but it had a little red and blu- 
iſh hue. The general effect upon my eye, at a 
row diſtance, was a kind of tender flame co- 

r 

Theſe pieces becoming moiſt in three or four 
days, I expoſed them again to the fire for ten 
minutes more. By this treatment, thoſe folid 
parts gave a very good red throughout, no traces 


of the other colours being left. But this red 


was not near ſo intenſe as the former one with 


Sol. of 
Hlver, 


Sol. of 
copper, 


Upon expofing thoſe ſpecimens in the fire for 
ten minutes more, all the red appearance vaniſhed, 
and a paliſh white light ſucceeded. | 
A ſolution of a leaf of filver in aq. fortis, mixed 
with powdered ſhells as before, produced, in a 
ſolid part of the ſame ſhells, a faint reddiſh purple 
and a little yellow, with more blue than yellow: 
The general effect of thoſe colours at a greater 
diſtance, was not unlike the opal: but it did not 
haſt above twelve ſeconds. After that a pale bluifh' 
white light took place. | | 

- Theſe laſt experiments gave me ſome further 
encouragement to try larger pieces of ſhells. Ac- 
cotdingly, having procured ſome calcined ſhells 
that were pretty thick; I broke them into con- 
venient pieces for the purpoſe of putting them 
into a ſmall crueible. I pteferred having ſeveral 
of thoſe pieces at the ſame time in the * 
„ - | at 
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that I might have the greater chance of obtaining 
the colours I was in ſearch of,, Upon theſe pieces 
of ſhells I poured a ſimilar ſolution of copper, and 

expoſed them in the fire about twenty minutes. 
The ſeyeral pieces were afterwards examined in the 
dark, after they had been expoſed to the fun. In 
conſequence of employing thoſe ſolid ſhells, I ob- 
tained a view of the object I ſo eagerly had fought 
after: for there appeared a variety of fine ſpeci- 
mens of colours on moſt of thoſe ſolid pieces. 
The red and blue appeared moſt lively; next to 
them the yellow and green: as to the purple, it 
was ſtill very doubtful. 

Leſt I might be led into any error in thoſe Cal. ella. 
appearances from the ſhells themſelves being the 
cauſe of them, without the addition of any foreign 
mixture, I examined a large parcel of them, that 
had been ly calcined in a crucible with a 
view to other experiments. Among thoſe I found a 
few, as I have obſerved before upon another occaſi- 
on, that did give a faint W e. co- | 
lours ; bat the red rather inclined to the orange. | of 
Theſe I 1aid afide, and made NR AI | 
gn white light. 

It. may not be improper to add, in this 
an obſervation or two that I made reſpecting the 
crucibles, in which the ſhells; were calcined, 
and upon the ſhells themſelves after calcination. 
By ſome accident, or perhaps by the fare itſelf, 
the crucibles were ſometimes cracked. The ſhells, 
in this caſe, were generally more coloured _ 

2 . wnen 
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when the crucible was not injured. Another ob- 
ſervation was, that thoſe edges and corners of the 
ſhells, which happened to touch the fide of the 
crucible, frequently gave an orange coloured 


phoſphoric light. The novelty of this curious 


Sol. of 


new ſurfaces' were ex 


appearance did not, however, interrupt the other 
experiments I had in view. | { | 
I gave a preference to calcined oyſter-ſhells for 
the baſis of my work, in conſequence of a great 
variety of experiments, which had been previouſly 
made upon many other calcareous bodies. 
A ſolution of: half a leaf of gold in one ounce 
of aq. regia, was put upon ſome pieces of ſhells 
in a crucible, and continued in the fire for twenty 
minutes. The ſhells acquired the : purpliſh hue 
mentioned before, and gave a very little phoſ- 
phoric light in the dark, except in a few parts, 
which had not partaken of the purple hue; and 
on thoſe parts there appeared à little red and 
bluiſh light. I was ſomewhat diſappointed in this 
experiment, as I expected to have found the co- 
lours not only broader and brighter, but more in 
number. I had therefore the curioſity to remove 
the purple hue, by ſcaling the ſhells tenderly 
with the poini of a penknife. After this the 
to the light one by 
one; and then examined in A ; _ 2 
bright red, ellow; is een, and ue; appeart OR 
fome, and wits e others, TwWo of 
them were faint, and "exhibited a kind of flame 
oolos cam, milan vw 49429 ait t 
CIRW - - | 2 U This 
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This laſt experiment was repeated, but with a Bak of 
ſolution of ſilver in aq. fortis. The colours here er 
were more vivid than with gold ; particularly the 
red and blue. Whether any FA ora in the 
degree of heat, employed i in the two experiments, 
(the. duration of it being nearly the fame) was 
the cauſe of the difference in their colours, I can- 
not tell; or whether it might not ariſe from 
ſomething elſe which eſcaped my obſervation. 
Theſe are circumſtances however, which may. 
ſome time or other be aſcertained by others: my 
deſign, in theſe reſearches, being only to relate 
the facts as I really found them. 
A ſolution of iron with the ſhells produced the sel. of | 
colours alſo; but the blos. pete * far the iron. 
moſt brilliant. fy at 

A ſolution of tin gave but a 3 Sol. of 
505 the colours, excepting the green, Which was da. 
rather vivid and broader on ſome ee, 
I had ſeen it before, - 

- Sulphur with the : ſhells produced all the ©O> Sulphur. 
Ian but then they were very * „ throughout. 
I expoſed the ſhells a feeond time in the fire for 
fifteen minutes more, without perceiving my dif-' 
ference; _. 7 

One tea - ſpoonful of water, faturated with green Sol. of 
vitriol, being. put to about ſix or eight ounces. of pu -aſh 
the - ſolution. of pot-aſh, 1. poured ſame. of. the vid. 
clear liquor on ta the ſhelle, and expaſed them to 
the * as er ; 12 n chen were W 
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in the dark, no colours appeared, except a white 
light. 


Sol. of vi- A ſolution of ; green vitriol only, gave no light. 


The vitriol having changed the colour of the 
ſhells, in appearance, to a reddiſh kind of iron 
ore, and this internally as well as externally, 


Cor. ſub. Corroſive ſublimate with the ſhells produced 


the colours. The red and yellow were very 
bright. The green and blue were not ſo vivid. 


Experiments upon acids. 

AS I had entertained fome doubts, whether 
theſe colours were actually produced by the ſeve- 
ral metals in their folutions, or by the acids them- 
ſelves, or that an union of both were abſolutely 
neceſſary to cauſe thoſe effects; and, for fear of 
being too precipitate in theſe matters, it was now 
the more proper to examine the effects of thoſe 
materials in a different way, by applying them 
. ſeparately to other ſhells in the crucible. But be- 
fore I begun the experiments with the metals, I 
was naturally drawn into a ſeries of experiments 
4n conſequence of examining the aqua fortis alone, 
which was the firſt = ac pF? ſet about. a 

I poured an equal quantity of this acid, 
had 1a — . another 2 of in 
a crucible, and then expoſed the crucible to the 
fire for the ſame time; as the heat was pretty 
nearly the ſame as in the former experiments. 
When the crucible was removed from the _ 

an 
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and the ſhells were cold, I examined them ſe- 
parately in the dark, after having ſhewn them 
to the light; and obſerved, that the priſmatic co- 
lours appeared, and ſomething broader than be- 
fore, though not ſo vivid as with the ſolutions of 
filver, copper, and iron, The parts of the ſhells, 
that gave a white light, were conſiderably brighter 
than thoſe produced by the ſolutions. 


With ſpirit of nitre, the ſhells gave a broad red Sp. nive. 


light, ſomething like a burning coal, and brighter 
than the red above. The orange colour lay next 
to it, and at a little diſtance from that a blue, 
ſomewhat brighter than the orange, In two of the. 
ſhells there was a greeniſh light, and the white parts, 
2 brighter — thoſe produced with aqua 
Ortis. 3 | | 
From ſeeing that the colours were now exhibited 
þ the ſhells, in conſequence of the application. 
aqua fortis, or ſpirit of nitre, I had now'a 
deſire to try the effects of the other acids upon the 


ſhells. 


- Half an ounce of oil of vitriol; with the ſhells, on or 


darker than what the ſhells alone produce of them - 
ſelves by calcination : except in a few parts, and 
even thoſe were not to be called bright. The 


reater parts of the ſhells were totally dark ; and 
when I ſcaled: or broke them, the new ſurfaces, 
even in that caſe, gave only a very feeble light 


gave but a very feeble whitiſh-light, many degrees Vitriol. 
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Spirit of 
ſalt. 


Spirit of 
vinegar. 


Oil of 
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An equal quantity of ſpirit of falt, treated in 
* ſame manner with ie ſhells,” ſhewed much 
the ſame appearances ; but if there was any dif- 
ference in the effects between the two acids it was 
in favour of ſpirit of alt. 

+ Concentrated” ſpirit of vinegar produced all the 
mes the red and blue were the moſt vivid: 
but even thoſe were not ſo bright as what were 
produced by ſpirit of nitre. 

Common vinegar gave the colours alſo : theſe 
however were fainter than the other. 

- By comparing the whole of theſe experiments 
together, and finding that oil of vitriol and fpirit 
of falt give no colours to the ſhells ; and that thoſe 
acids are conſidered by the 1 as having very 
little, if any, phlogiſton in them; I begun to en- 
tertain an idea that the principal cauſe why the 
oyſter-ſhells produce colours, depended upon a 
phlogiſtic or inflammable principle, and which the 
ſhells received from the metal and acids we have 
here produced. 

To examine this matter further, I ſet ant 
making other experiments; and begun the enqui 
with obſerving the effects _—_ ns ſhells, which 
the aue ſalts er 


Experiments upon the ical alk. 


The firſt I tried was oil of tartar. With this 1 
produced all the colours. The red and green were 
the fainteſt ; the blue was more bright, and occu- 


ied the ter of the ſhells. 
P greater part A foal 
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A ſmall quantity of pearl-aſhes, with the ſhells, Pearl-afh. 
gave the colours alſo, but not very vivid. 

Foffil alcali produced a great pun, of very ron al- 
fine green, which was exceedingly bright : 2 
blue was next in degree of ſplendor: the red and 
yellow were very faint. Some parts of the ſhells 
gave a very intenſe ſilvery white light, which con- 
tinued to ſhine a full half hour. 

Spirit of ſal ammoniac gave an exceeding bright s 1 25 of 
white light in every part of ſome of yg ſhells: 
and in two or 4 all parts there was an 
pearance of tender colours. "Moſt of theſe (h 
continued to ſhine near half an hour. 


Experiments upon neutral an. 


A quarter of an ounce of nitre applied to the Nite. 
ſhells in a crucible, as before, produced a very 
ſtrong red light, not unlike a wk. coal ; a little 
yellow, ſome green, and more blue; but the blue 
was brighter than the green. 

Borax refined gave very good colours, but not Borax. 

uite ſo vivid as nitre, een the red and blue. 
me of the calx ſticking to one of the ſhells, I te- 
moved it, and then a red appeared underneath. 

Sedative falt, with the ſhells, produced the colours 8. dale 
but faintiy; exce ——— "and that was rather Salt. 
bright than atherwiſe. I uſed but a vety ſmall 


quantity of ſedative ſalt; pethaps a larger N 6 
e the 


2 a proper degree of heat, would have 
colours more vivid. | 
E Tartar 


: . 


— 


— 
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Tartar of Tartar of vitriol produced, on one ſhell, a very 

vitriol. broad red light, and ſome blue on the confine of it. 

Other ſhells gave a white and blue light ; and one 

ſhell gave an orange, yellow, blue and green 

colour; but thoſe appeared rather tender upon the 

z whole, though very bright : and continued lumi- 
| nous for a conſiderable time. 

J muſt not omit in this place, two or three ex- 

| riments which I made upon other ſubſtances. 
Swediſh The Swediſh acid, or green fluor, put between 
acie. the ſhells, produced the colours : the red was moſt 
brilliant ; and thoſe parts that gave a white light 
were very vivid. 

During the calcination of this oreeniſh N 
and before it fell into pieces, I fancied that there 
appeared upon it's ſurface a dull purpliſh light, of 
the phoſphoric kind: but, to be more certain, I 
ſbut the windows in the room (for the experiment 
was made about noon) and then I was able to 
obſerve the purpliſh light very diſtinctly: this light 
ſcemed to extend to ſome diſtance from the ſurfaces « 

of the fluor. ; 1 
spar. The Derbyſhire ſpar, calcined with the ſhells, 
5 gave the colours alſo, and full as bright as the fluor 
| deſeribed above. 
Quartz: A whitiſh ſpar, or quartz, froth which I wok 
- © a conſiderable piece of ſilver, gave the colours, 
bat thoſe were not near ſo n as i the two laſt 
eee e 


. 


- 
- 
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It was now time to make experiments upon the 
metals themſelves, and as they are ſuppoſed to 
contain phlogiſton I was the more ſolicitous to 
examine them, | | | | 


Experiments upon metals. 

The firſt experiment I made was with a piece nos. 
of iron, about two inches long and one broad; 
which I laid between two oyſter-ſhells, and expoſed 
them in a crucible, to a moderate fire, for twenty 
minutes. In conſequence of this I obtained a red 
light; and what appeared to me the moſt remark- 
able was, that the red produced upon the ſhells 
was in thoſe parts only where the iron had been in 
contact with them. The other parts of the two 
ſurfaces were white. On breaking the ſhells the 
light was conſiderably brighter, and the red a 
peared to have penetrated almoſt through the whole 
thickneſs of the ſhells. | | 

Round two large ſhells I wound two yards of fron wire. 
iron wire, Theſe were then put into a crucible, 
with a foftiſh lump of the calcined ſhells, and 
continued in the fire for minutes. On theſe 
ſhells I perceived in the dark a fine red and blue: 
there were other colours alſo, but then they were 
very faint. The ſoft lamp, which was about the 
ſize of a large filbert, happened to lie at the bottom 
of the crucible: this gave à fine crimſon red on 
one part; on another, a very fine blue, three or 
four times larger than the red. In a remoter part 
12 E 2” ga alittle 5 
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a little green appeared, and a feeble yellow in other 


Iron cru- 


ible, 


places. On the back part of the ſame piece it was 
all red from end to end. I muſt here obſerve; that 
part of the wire which paſſed round the ſhells, was 
in contact with the ſoft lump; and the parts of 
the ſhells, at their edges, where thoſe wires had 
been more clofely in contact, and had cut the ſhells 
next the bottom of the crucible,  ſhewed the bright 
red and blue light mentioned above. | 

It may be proper to obſerve in this place, that 
moſt of the ſhells employed in the preceeding, ex- 
periments were put into the crucible in a vertical 
poſition. And as they ſeemed to anſwer my pur- 
pole, I generally continued to obſerve the — 
method, though it is not always expreſſet. 
The laſt experiment was varied, by putting the 
thells into an iron crucible. The colours . 
duced were very diſtin& on ſome ſpecimens. The 
red and orange were, next the iron: other parts 
gave a brilliant bluiſh white light, and fome green. 


I then broke one of the ſhells, and obſerved that the 
ted had penetrated one eighth of an inch deep, and 


bright green appeared on the conſine of it. Ano- 
eee 


at the bottom of the crucible, on being broken, 


Save, an intenſc, filveriſh white light only. Ac- 


cording to my uſual cuſtom, of examining the ſhells, 
I ſeparated the ficlt ſcale from it, and expoſed. the 
new ſurface to the ſun, and was ſurpriſed to find 
the white light much more beautiful than before, 
and a little appearance of colours in one part of = 

oy | n 
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In the making of this experiment, I had previouſly 
laid a ſhell on the top of the vertical ones, in an- 
horizontal poſition: but this afforded a very little 
light, and no colours. 
I had frequently made the 


phoſphorus defcribed'Canton's 


by Mr.. Canton in the Philoſophieal Tranſactions, phoſph- 


— of powdered ſhells and ſulphur, without 
having ever been able to obſerve any other phoſ- 
phoric colour than a fine yellowiſh white. o- 
ever I had a mind to try, whether even in it's 
dered ſtate, joined witk a foli& lump or two of 
ſhells, it would not afford colours.” To this end, 
having mixed the powdered ſhells with flowers of 
ſulphur, in their proper proportions, I put half of the 
quantity into the iron crucible; and — laid 
it two pieces of thells; about half an inch in — 
meter, one upon the other” horizontally: Upon 
thoſe I then put the other half of the mixture, and 
2 the whole down very dloſe. The iron veſ- 
was expoſed to a good fire for thirty minutes; 
jy rc it was cold I broke the mals intd cw 
parts, where: the: ſhells had been put. On e 
thoſe to the light, ai brradth of tender colours ap- 
d in the middle, above one inch in diameter, 

t they were not very bright: and they extended 

d the oonſines of the ſolid durnpss The red 
was in the centre, and was by much the'brgadeft 25 
a faint; orange colour lay neut to it; and a listle 
yellow appeared beyond the orange. Tie other 
pants of the whoje: maß ſhewed dy ym eters, 
RI white liga. 


A To 


Iron 


filings, 
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To equal parts of iron-filings and nitre, I put 
ſeveral large fragments of ſhells : theſe materials 
were expoſed to the fire, and long before the cru- 
cible was taken out of the fire, che mixture had 


deflagtated. Theſe'ſhells afterwards gave a faintiſh 


red, and other colours ; but the white light was 
exceedingly bright. When I came to view the 
ſhells in the open day more attentively, I found 
— the calx of iron had formed a kind of cruſt 

pon. them in ſeveral parts. This calx was care- 


| fally removed by a pen-knife, without ſcaling the 


ſhells: and then they were expoſed again to the 
light. Upon this, I perceived a very fine red in 
thoſe parts where the calx had been removed, as 
12 a good green, and an intenſe blue very near 
That part of the ſhell where the calx was re- 

=—_ I obſerved to be firmer, and more compact, ö 
than any of the other parts. 5 
This latter part of the experiment where the calx 
had been encruſted, turning out ſo ſucceſsfully, brings 
to my mind the firſt experiment I made with the 
ſolution of copper, and which produced the colours 
of the rainbow. I mention this circumſtance the 
rather, as the two experiments appear to illuſtrate 
each other. For in that * — I had obſerved, 
r 2 
larger quantity of the ca 2 next the 
red, than * 

the whole maſs. 

Upon ſucceeding ſo well in the experiment with 
a yan... oo tadae a ag „ Dclaval, to. 
try 
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try what the difference would be with ſteel: on 
account of the greater 2 of phlogiſton — is 
known. to. contain. watt i; te; 

For . this purpoſe I procured ſome Untch- Arie Steel and 
and broke them into ſixteen pieces: each of thoſe" 
were two inches long. I procured' alſo an iron- 
plate of the ſame thickneſs with the watch · ipring, 
or very near it. This plate Was cut into four pieces 

two inches long alſo: and each bteadth correſpon- 
ded nearly. with four of the ſprings, when they 
were laid cloſe, and parallel to each other: for in 
this ſituation I, diſpoſed; them between the ſhells; 
I then put ſeyen ſhells into a crucible vertically and 
cloſe to one another. On one ſide of the middle 
ſhell were placed four of the ſprings; and between 
each of the other ſhells and the crueible, on the OY 
_ fame fide, $ pur Sons moans making in the: whole 
ſixteen pieces. On the other ſide of the middle 
hell I put one of the iron plates, and another plate 
between each of the ſhells and the crucible on that 
ſide, being in all four. In this ſituation the cruci- 
ble was put in a clear ſea- al fire for twenty mi- 
nutes: and during the latter half of the time the 
heat was 7 by blowing. Before each ſhell 
was examined in the dark, I took particular care 
to obſerve the Wa which the metals were 
expoſed to the * 15 began my obſervations 
with the middle clented ta the light 
| that fide of the ſhe] 1200 e the iron had been 
in Contakt. 81 ours ſhe ed themſelves very 
OP but not ſo brilliant as 1 have ſometimes 


ene | ſeen 
. 
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ſeen them in other experiments: the red, yellow, 
and blue, particularly.” I then expoſed the other 
ſide of the fame ſhell to the light, where the ſteel 
had been in contact, when the colours appeared 
conſiderably brighter; for in thoſe parts of the 
ſhell where the ſteel had touched, the red appeared 
very intenſe and bright; beyond that lay the other 
colours, but not in their order: for the green was 
next the red, then a little orange yellow; and be- 
yond that, at a little diſtance, a very fine blue. 
1 now examined the next thell, which had ſteel on 
both ſides e the colours in this were pretty neatly 
the ſame, eſpecially the red. The ſecond ſhell 
from the middle gave the ſame colours; but the 
red was leſs in quantity, and more intenſely bright, 
i poſſible, in that part of the thell which Had Been 
+ neareſt the'battom of the crucible. This difference 
was bly oeeaſioned by the pieces of ſteel hav- 
ing changed their ſituation by accident, ' becauſe on 
* this ſhell out of the erucible, I found their 
- ends lying one upon another towards the bottom. 
The third - ſhell had the fame colours on that fide 
next the ſecond ſhell, — - e as thoſe 
upon the neighbou 1 F ich the ſecond 
which was next the'crucible, -where, four pieces of 
- ſteel had alſo been and which continued in 
the! ſuuation I had laid them, gave an equal quantity 
f red 1 ſome other colour 22 Was 
5. 1 28 hel, © ** JOU 8 0 n the 


Having 


411 

Hows finiſhed the obſeryations where . ſteel 

Bred, I then examined the other thells, 
Shere os the plates of iron had been put. The firſt * 
ſhell, next the middle one, as likewiſe che ſecond 
and third, exhibited the ſame colours with thoſe ; 
that the iron produced on one fide of the middle | 
ſhell ; and their degrees of brightneſs were nearly 
the ſame, but much inferior to thoſe produced 
by the ſteel, 

From this laſt experiment we cattte&, that the 
colours produced by the ſteel, being ſo. much 
brighter and more intenſe than. thofe produced by 
the iron; the difference between them muſſ have 
been occaſioned by the difference in the quz 72 — 
of 1 hlogiſton "ay reipecively cor e 55 
ſteel, I anderſtand, is always l #54 id 

iron à greater quantity of phlogiſ ſton t ty 

tained Fore, And the "ge of atta jing r this 
| end 1 1s gene by expo n iron far a 

time * 4 fire: for th charcogl, accordi 228 
the doctrine of. the chymiſts ahouges with Blo- 
giſton. After that ope ration, Hoping # 15 3 
| required to make Reel” than to quen Þ tbe iro 
in water. From theſe conſiderations at ve 
ue 51 try ihr png ron which proves ſo 

dantly replete. wi iſton, I 

| According, be ele heh, Tp po 
un gf 5 they So 
| om DES the,grea ater . 3 Tons 

her: fark. urfaces nearer SR A with | the Wells. 
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Pruſſian 
blue. 
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to a ſeacoal fire for twenty minutes. Theſe ſhells 
afterwards produced exceeding fine colours, The 
red and blue were the moſt intenſe ; next to them 
the green had the preference ; and in two . ſpeci- 
mens the colours were ſo finely intermixed, yet 
at the ſame time fo diſtin, that they reſembled, 
in ſome degree, the tail of a peacock, but very 
far beyond it in point of brilliancy. | 

The connection that Pruſſian blue is known to 


have with ſteel, from the manner of making it 


with iron and phlogiſton, encouraged me ſuffi- 
ciently to ſee the effects of that colour upon the 

A quantity of Pruſſian blue was therefore put 
into a crucible among ſeveral ſhells, and expoſed 
to the fire for twenty minutes. | Theſe ſhells af- 
terwards_ produced a yellowiſh ppoſpnorio white 
light, not very. bright. From my former obſer- 
vations I had reaſon to apprehend, that the calx 
of the iron ſticking to the ſhells, obſtructed other 
appearances ;.I therefore ſcaled. the ſhells, and 
then expoſed them again to the light: on doing 

is, 1 obſerved the red, yellow, and green, very 
diſtinct and bright: there was alſo a blue, but 
very faint, compared with the other colours. This 


blue, however, appeared brighter on removing 


one, more of the © es; nero 
I was now time to examine the other metals 
with the ſhells : and from confidering the nature 
of gold, which. ſo obſtinately reſiſts the moſt vio- 


lept attacks of fire, without ſuffering the leaſt di- 
1 j minution 
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minution of it's weight, a ſuſpicion was enter- 
tained by ſome, that it would produce no colour 
when applied to the ſhells. But this theory did 
not correſpond with the experiment: for not- 
withſtanding I took particular care to have 
ſtandard gold from the refiner, and was very at- 
tentive in the management of it with the ſhells, 
the colours were produced by it. But then thoſe 
colours were not very bright, and rather tender 
upon the whole. The quantity of red equalled 
the ſize of the piece of gold, and that was nearly 
equal to the ſize of a guinea. It weighed about 
thirteen penny-weights ; and was beaten flat for 
my. purpoſe with an iron hammer. I mention 
this circumſtance, as I would have done any other, 
had it occurred, which might even cauſe a ſuſ- 
picion of it's being the leaſt unfavourable to the 
experiment. Mi RS TOUR My > 
However, as I was not thoroughly fatisfied with Grain 
this laſt experiment, and being very ſolicitous 10804. 
obtain every information in my power, I pro- 
cured two Anal parcels of gram. gold from the 
refiner. One of thoſe parcels was put into a cru- 
cible; and whilſt it continued in fuſion, two 
ounces of powdered nitre was poured upon it ; 
after the deflagration two ounces more were 
added; in a; little time after, two ounces 
more. All this was done for the purpoſe of 
cleanſing the gold from any foreign mixture of 
other metal, &c. The gold before it was melted 
weighed three penny-weights. - On taking the 

F 2 gold 


gz 


gold but of the crucible; it weighed two grains 
eſs. This difference aroſe, 3 in patt, from 
fcraping away the ſcoriæ with a piece of glaſs ; 
for I perceived a few particles of gold to accom- 
pany it. The gold ſo prepated was put (without 

eating it flat) between two ſhells; and thoſe 
Were then placed near the bottom of a crucible 
in an horizontal poſition. In another crucible, 
and between other ſhells, for there were feveral 
in it, I put the other parcel of gram gold, and 
which was nearly of the fame weight with the 
former, and then placed the two crucibles in a 
wind furnace for ten minutes. The ſhells were 
afterwards examined in the dark, and within two 
hours after they were taken out of the fire; but, 
before this was done, it is proper to obferve, that 
moſt of the ſhells from both crucibles had ac- 
quired a reddiſh purply hue, but particularly in 
thoſe parts where the gold had been in contact. 
On expoſing them to, and removing them from, 
the light Coardtely, 1 was greatly ſurpriſed at 
Teeing not only all the colours on the ſhells from 
both crucibles, but at finding them far more vi- 
vid and beautiful than in the former experiment. 
The red however was by far the moſt predomi- 
nant in the ſhells that were expoſed to the gold 
where no hitfe had been put. For one of the 
ſhells was of a bright red all over, and on both 
fides of it. Upon removing the upper ſcale, 
which 1 did with ſome difficulty on account of 
the firmneſs it had acquired, 'as likewife a ſecond, 


and 
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and a third, the red rr a little brighter ; 
and, when I broke it, the ſame colour ſeemed to 
have penetrated quite through the ſhell, Half 
of another ſhell appeared red, and the other half 
green. Upon removing a ſcale, a very fine blue 
diſcovered itſelf under the green, and the red was 
more intenſe. A third ſhell ſnewed red on one 
fide, and a kind of opal colour on the other; and 
a fourth was red in every part. One of the thells 
from the other crucible gave a fine red at one end, 
and next to it a yellow, then a great quantity of 
fine green, and a good blue beyond it. 
other gave much the ſame appearances, except 
that it was more motled- with the colours. In all 
thoſe ſhells there was noappearance of a white light 
whatſoever. The red in general was not ſo in- 
tenſe as I have met with in fore of the preceding 
experiments. However, I think this red was 

very like the colour of the ſun when ſeen through 
a moderate fog in the ſpring or autumn. 

As 1 found it rather inconvenient to procure Leaf gold 

grain gold, I had a mind to try whether a _ 
leſs quantity would not anſwer the 
well. To this end, Icovered ſome calcined cells 
with ſingle leaves of gold, and laid other ſhells 
upon them. Theſe were put into a crucible, and 
expoſed to a frre for' fifteen minutes. 
When they were cold, I obſerved the pieces of 
the lenves of gold upon different ſhells were a 
little changed in their colour”: theſe 1 bruſhed 
off; and, after expoſing the ſhells to rhe N. 


46 
the colours appeared, but exceeding faint; the 


yellow was broadeſt and brighteſt, the green next, 


nin 
ver. 


and the red the leaſt. Perhaps, if, inſtead of the 
leaf, I had put four or five leaves upon one ano- 
ther, they might have anſwered the purpoſe 
better. | | 

An ounce of quickſilver was put to three ſhells 
in a crucible, and expoſed to a moderate fire about 
eight minutes: whether the ſhells were con- 
tinued too long, or not long enough, I cannot 
tell : but on examining them in the dark, I only 
obſerved a very fine blue in different parts of 
them, and thoſs rts were the moſt remote from 
the bottom of the crucible. The breaking or 
ſcaling of the ſhells made no difference in the 
appearances. | N 
Not being thoroughly ſatisfied with this laſt ex- 
periment, I repeated it again two months aſter. 


wards, but with a quarter of an ounce of quick. 


filver, and with the ſame number of ſhells. The 


_ crucible was now put into the fire with the ſhells 


in it, and when they were red hot, I dropped the 
quickfilyer into the crucible, and continued the 
heat for three minutes more. After this I ob- 
ſerved the colours in two of the ſhells very di- 
ſtin& and bright; particularly the red, yellow, 
and blue. The other ſhell gave a little red, ſome 
green, and a great deal of white light, 
Lead produced the colours, but = ed, orange, 
and yellow, were the brighteſt, m1 1; 7 a 

in; i! | n 


can 


In another experiment, but with a leſs quan- 


tity of lead, the colours appeared more vivid, par- 


- ticularly the green and blue. 


Thirteen penny- weights of the fineſt filver 1 Silver. 


could procure was put between two ſhells, and 
expoſed in a wind furnace for eight or ten minutes, 


by which they acquired a dirty purpliſh hue, 


and a firmer texture in ſome parts. In the ſame 
ſtate they were expoſed to the ſun : but no kind of 
light appeared upon thoſe purpliſh parts. I then 
removed the purpliſh, hue by ſcaling the ſhells 
with a penknife as before: in this ſtate they were 
expoſed again to the light; the colours now ap- 


peared to great advantage. The. red and blue 


were the moſt intenſe and beautiful; the green 
next, and the yellow and purple were rather faint. 
Other Roma " the ſhells were white, and exceed- 
ingl thoſe continued luminous a full 
hal — I 1 not mean by this, that the colours 
laſted ſo long, but only that ſome of the whitiſh 
light was perceptible at the end of half an hour. 


1 repeated the laſt experiment with about five Grain fl- 
penny-weights of ſilver, in grains, from the reſiner: ver. 


theſe were E among ſeveral ſhells in a crucible. 
And after the uſual treatment of ſcaling, &c. one 
of them produced a fine red and blue only; another 
a little red, with a great quantity of blue, and 
a little ; a third gave D e with 
a conſiderable quantity of a filvery, intenſe, white 
; a and « fourth n ONO Og 


4s en yellow 


4 


_ 
K 


| 
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yellow and blue. Two other pieces afforded a 
white light, but intenſely bright. 
Native A piece of native filver, from the collection of 
filver. Guſtavus Brander, Eſq; who favoured me with it, 
produced the colours: but then they were not near 
ſo beautiful, as thoſe which appeared in x the co 


laſt experiments. 


Common Two ſmall plates of common copper were 2 


copper. plied to the ſhells, and after being expoſed in ti 
fire for fifteen minutes, the ſhells gave the colours; 
but not {o finely, as in the ff experiment, where 
the ſolution of the ſame metal was 

Very fine A very fine ſpecumen of copper, from the ſame 

copper. collection mentioned above, produced the colours 

ut; except | 


PP 


colours have been produced by the preſence of 
| heat —— 


the fire 


of 
to 
in 


| wed 
Nerat, even though: {1 obſerved 
Ae are 1 would not be underſtood that 


Fare am at all acquainted wich the degree of: heat that 
. eee ee 2 


Tin. Tio, Lobſerved, che experiment fuccoetpd 
pretty well, the red and yellow were but faint, 
compared 


* 
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compared with the green and blue: thoſe being 
very bright. 

- I was now defirous of ſeeing the effect upon Zinc. 
the ſhells from one of the ſemi-metals, which 
is ſaid to contain a great deal of phlogiſton: what I 
mean is zinc, I had no ſooner gone through my 
uſual proceſs with it, but I examined the ſhells, even 
before they were quite cold, without being able to 
diſcover any colour but a little white. light. I 
ſucceeded no better when they were cold. The 
outward. appearance of the ſhells; in the open day, 
was Aa little yellowiſh ; and from what I had ob- 
ſerved before, it ſeemed very neceſſary to remove 
this yellowiſh tinge :; I therefore ſcaled the ſhells, 
and examined them afreſh, when there appeared 
very large breadths of fine priſmatic colours on every 
ſhell: but the red was — far the moſt intenſe and 
bright. I then broke every ſhell into ſeveral pieces: 

and, on examining them ſeparately, after their he- 
ing expoſed to the light, there appeared in many 
| pint all the colours; and in others a moſt beautiful 
intenſe filvery white. light, which continued to 
ſhine a full half hour. 

I now thought it time to put an end to thoſe 
kind of experiments, notwithſtanding: there are many 
other ſubſtances that I have not tried, which might 
have been brought. into this claſs with propriety : 
ſuch as reg. of cobalt, biſmuth, marcaſites, cinna- 
bar, Japis lazuli, &c. but theſe I conſidered as being 
unneceſſary, from having ſucceeded fo effectually 
with the metals themſ oo” as well as with that 


very 


& * * 
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very inflammable metalline ſubſtance deſcribed in 
the laſt experiment. 
In the courſe of the preceding experiments I 
frequently fancied it was neceſſary to clean, and 
ſcrape, the ſhells very well before” they were put 
into the crucible; having obſerved that a few of 
them, ſo treated, ſeemed to produce the colours more 
lively. Whether it was really the cafe or not, T am. 
ſtill ignorant: however, in my future experiments, 
theſe precautions were taken. 

And here I beg leave to obſerve, that where I 
hereafter mention, in any of the following experi- 
ments, refin, or ſugar, or glue, &. produce the 
colours, I wiſh to be underſtood, that thofe ſub- 
ſtances were reſpectively put into a cuci#l along 
with the ſhells. This deſcriptive part was left out 
Er to avoid feine | 


% * . . 
i 4 


1 HAVE now completed the experiments upon 
phoſphori, and the priſmatic colours produced by 
the folutions of metals, by” ſome of the acids, 
(for the other aeids did not ace the colours) 
and by all the alcalies; as well as by ſeveral of the 
neutral ſalts: and having extended my reſearches 
to the metals themſelves ſo ſucceſsfully, where no 
other ſubſtance was introduced, but the common 
baſis I made uſe of, namely, the calcareous earth: 
and finding that, among other ſubſtances, ſteel, as 
alſ6 charcoal, and Pruſſtian blue, which are allowed 
ta contain a confiderable ſhare of phlogiſton, pro- 


Nr the priſmatic colours — 1+ 
ere 
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there to me a further foundation for en- 
tertaining more than a conjecture, that the iſmatic 


colours, as well as the light in of all 
phoſphori, depend in 2. grea CLINE if not en- 
tirely, upon that — principle vrhich tke 


ſhells received, in conſequence of it's being diſcn- 
gaged by the force of fre, from the bodies they 

were in contact with i in the crucible. * 
* Nothing more remains, therefore, to eſtablith 
the principle and make it general, than to examine 
the effects of other ſubſtances upon the ſhells, 
which are known to abound with phlogiſton. 
And if ſimilar appearances are to be obtained from 
them, we may chen faftly - pronounce che prin- 
ciple general: at leaſt, tin . i 
againſt it. X 


1 * 
0 4 PR 


Experiment upon INFLAMMABLE 3oD1Es, 1 


ONE tea · ſpoonful of linked oil put to the ſhells Linked 


in a crucible, and ex the fire for twen 

ö; ents 
blue. In ſome i r 
but no red. From the reſult of the ſecond 
ment with quickſiver, I think that rheſe ſhells 
were not continued Jang endugh in the fire. 


Olive vil ,gave a good blue and greens and a Ohou. 


. faigt orange colour. 


Oil of turpentine produced u fine red and bfue. — 


Some other parts were enn ENG; t 
were much fainter. 2 „ 00 thoſe FI 


G 2 A lump 


Soot. * 2 A table-ſpoo 


( 52] 

Wax. A lump of wax, the fize of a very ſmall nut, 
gave the "love alſo; and rather bright than 
- otherwiſe. - 

Reſin. Reſin produced the red, yellow, green, ind 
blue, better than wax. | 

Pitch. Pitch, gave the colours much the "wa except 
that the blue was brighter than the reſt. 

Gum ar Gum arabic gave a very intenſe bright red and 
blue, with a little yellow, and a dirty browniſfi 
hue in other parts. | 

Copal. Copal produced the colours, but not near ſo 
bright as gum arabic. 

Traga- Gum tragacanth afforded colours alſo; the red 

canth. exceeded in brightneſs nx ag, 
4 yellow and blue appeared rather bette 


een. 

Flame. * from a large wax candle, and alſo from 
ſpirit of wine, produced very fine colours; the red 
and yellow were the brighteſt, the ee and blue 
next; the violet was leſs vivid. 1 

Theſe colours were not only by burn- 
ing dhe ſhells in a crucible after they had been 
to the different flames for two or three 
minutes, but alſo without expoſing the ſhells to 
any other heat than the flame itſelf, it being 
fully ſufficient for the purpoſe. In theſe expe- 
— I obſerved that the colours, produced by 
the flame of ſpirit of wine, were rather weaker 
than from the flame produced by wax. 
nful of ag black, or- ſoot, put 
into * * and expoſed to the fire for 
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fifteen minutes, gave very fine colours alſo; the 
yellow, green, and blue were the moſt brilliant, 
the red next, but very broad; and the purple 
fainter. | | 

I took a quarter of a ſheet of white paper, Paper. 
and cut it into ſeveral ,pieces; theſe were put 
into a crucible along with ſeveral ſhells. T then 
continued it in a fire for twenty minutes. On 
examining thoſe afterwards in the dark, I obſerved 
that moſt of the ſhells had acquired the colours, 
and thoſe were rather brilliant than otherwiſe. 
Two of them, however, ſhewed only a fine blue 
light. Theſe I expoſed again in the fire for ten 
minutes more (but in the crucible:) in conſequence 
of this, they produced all the colours; but the 
blue was weakened conſiderably. From the effects 
roduced by this ſecond application of heat, I 
lulpect that the ſhells in ſome of the preceding 
experiments, which only afforded green or blue, 
were not continued long enough in the fire. 
Linen, treated in the ſame manner, (except Linen. 
that I continued it in the fire for thirty minutes) 
gave the colours rather ſtronger than the paper. 
I now put a little cotton along with ſome Cotton. 
ſhells, and after theſe had been in the fire for fif= 
teen minutes, I found that two of the ſhells ex- 
hibited three of the colours very vividly, viz. 
red, green, and blue; the other ſhells gave a 
blue and white light only. | " | 
A lump of ſugar, the fize of a hazle-nut, ex- Sugar 
poſed with the ſhells, in a crucible, to a fire for 
twenty 
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Wheat 


Flour 


lours; but then they were rather faint, 


Lg 
twenty minutes, produced ſome exceeding fine 
ſpecimens of colours. In three of the ſhells there 
were great quantities of fine red and green, a lit- 
tle yellow, and an intenſe blue, but leſs purple. 
In one of the ſhells" the I oy exactly in 
their order. | 
. Flour of wheat (about three tea i poonfuls) put 
into a crucible with the ſhells, produced the co- 
n 
the red and blue, — chaſe were a little — 
than the reſt. 

Some of the bens flour, with « lotion of pot- 


with ſolu- aſh made into a cake, and toaſted a little, gave all 


— the colours without the appli 


Charcoal, Oil of vitriol with the hells: 


—— 
but the red was a heavy dirty colour. This was 
not the caſe with the other colours, they being 
rather vivid, nn 


were very bright. 

producing uo co- 
lours, and ſcarce any light ; I put ſome powdered 
chascoal to them, —. then expoſed the ſhells 
again to the fire for fifteen minutes. After this I 
obſerved two or three of the colours, but they 
were rather faint. However, the n — 
pearance was con improved. 

Spirit of ſalt with the ſhells 

colour, I put ſome powdered charcoal to hoſe 
alſo : in conſequence- of which, the colours 


peared, and nearly of the fame eng as i 
N 


I I had 
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I had an inclination to vary the experiment 
with oil of vitriol, by mixing fome powdered 
charcoal with it, and making 2 kind of paſte 
thereof. This paſte was put into a crucible, and 
I then forced the ſhells into the paſte. The cru- 
cible was in the fire about fifteen minutes. By 
this treatment the colours were roved, and 
the blue particularly; it being very fine. Other 
parts gave a very bright white light. 
Tartar of vitriol with charcoal gave a fine white Tart. vit. 
light to the ſhells, and a faint appearance of red 
and yellow. ' 
Spirit of _ afforded only a bright greeniſh Sp. vine. 
and bluiſh light. I made but one trial with it. 
Perhaps a different quantity of it, and a different 
heat, — have d more colours. 
A quarter of an ounce of animal fat with the Fat. 
ſhells exhibited a fine red, and blue, on tworſhells ; 
and a purpliſſi ſilvery white light aft over the 
other parts. The other ſhells were exceedingly 
bright, and of a filvery hue. ; 
| Freſh butter produced the colours, and rather Butter 
vivid than otherwiſe; but the blue! was W 
brighteſt : and the parts that were white, a 
ed not quite ſo en as thoſe in che laſt er- 
periment. +4 7 +... 444 4455S; 1245. £33 

A piece of on, the * of a ſhilling, broke clue. 
into {mall pieces, and put between the ſhells, pro- 
duced one very fine brilant ſpecimen of colours, 
without ſeating any part of the ſhell. The red 
was rather brighter than what nitre produces; 

and 


— 
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and this colour was at that end of the ſhell which 

was neareſt the bottom of the crucible. The 

yellow lay next to it, then the green; but it was 
much broader, and more intenſely bright. The 

blue next, and a faint purple appeared at the top 

of the ſhell. I now removed the upper ſcale of 

| this ſhell, and expoſed it again to the light. On 

. doing this, two — reds appeared where one 

only had been viſible before; but theſe were con- 

ſiderably brighter: and what ſeemed the moſt 

curious to me, was an exceeding fine brilliant 

purple ligbt, which lay in the interval between 

the two reds. The yellow, green, and blue, were 

a little improved: but the purple at the top of 

| the ſhell was totally vaniſhed. In this very _= 

| | ſpecimen there was no appearance of any white 
whatſoever. There were three more ſhells in the 

ſame crucible at the ſame- time ; but not one of 
; them afforded any colours that were ſo remark- 

1 ably fine as the ſpecimen I have now been de- 
ſcribing. 

Wool. I put ſome wool between two ſhells, Sod 
after expoſing thoſe, in a_ crucible to the fire 
for ten minutes, and then, to the light, I per- 
ceived a very fine red, green, and. blue light 

|| jt 1 one of the ſhells, and only a blue one on the 

| other. 

Skuttle- The bone of the ſkuttle-fidh,, which had been 

| | ih. thrown by the ſea upon thé beach, and which 

contains a 3 ſhare of oil, even in it's 

dried ante, was put into a common ſeacoal a. 
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In a very little time it was calcined in ſome parts, 
and not in others; but being of an exceeding 
looſe texture after the calcination, it was with ſome 
difficulty I could preſerve three or four pieces 
from breaking into ſmaller parts. Theſe were 
expoſed to the light: and when I examined them 
in the dark, there was a very fine red and blue 
light on thoſe parts which were rendered white 
by the calcination : the other parts, that were not 
calcined, had a black appearance, and afforded no 


colours. 


Hair, burnt with the ſhells, produced a red and Hair. 


blue light; thoſe colours were rather bright than 
otherwiſe. | 


Amber being exceedingly inflammable, I was amber. 


not a little ſolicitous to try it's effects upon the 
ſhells. I procured therefore three flat pieces of 
amber about the fize of a ſhilling, and near the 
thickneſs of a crown piece. Theſe were put be- 
tween four ſhells in a crucible. After expoſing 
them to a good fire for twelve minutes, I took an 
opportunity, when the ſun was ſhining, for it 
was in December, to expoſe each ſhell to it. I 
was exceedingly ſurpriſed at ſeeing the very fine 
colours they exhibited. The orange and yellow 
predominated in a moſt brilliant manner upon one 
ſhell; the red and green were deeper and more 
intenſe upon another. One of the middle ſhells 
gave all the colours exactly in their order, and 
were very ſplendid. The red part of the ſhells, 
in all theſe ſpecimens 2 been next the * 


Solid 
- phoſph. 


TR © 
of the crucible ; and what proved rather a rarity 
to me was the purple colour, which 'appeared full 
as bright as that which the glue produced. None 
of theſe colours appeared fo vivid as when the 
upper ſcale was removed. But it muſt be remem- 
bered, that this is not always practicable, on ac- 
count of their acquired hardneſs; and yet 
ſcraping of the ſhells does not anſwer fo well, at 
leaſt with me. In this caſe, I have recourſe to 
breaking them into ſeveral parts; by which means 
I have an opportunity of examining the edges, 
after they have been expoſed to the light, and 
ſeeing how deep the different colours penetrate 
the ſhells; and which, in many inſtances, I have 
obſerved to be luminous throughout. 

Not being able to recollect any other ſubſtances 
of this kind, I was curious to try the effects of 
the moſt inflammable artificial ſubſtance I was 
acquainted with. This was the phoſphorus of 


Kunckel. 


A ſmall piece of this ſolid phoſporus, about the 


- fize of a very ſmall pea, I put between two ſhells 


that were placed horizontally, in a crucible, and 


expoſed them to a moderate fire, when a very fine 
bright flame appeared between the ſhells. - In five or 
fix minutes this flame, produced by the phoſphorus, 
expired. I continued the crucible in the fire for 
three or four minutes longer: and then examined 
the ſhells after they had been expoſed to the ſun. 


The ſplendor of the light in general was very great. 
The blue appeared the brighteſt, and the green and 


yellow 
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yellow were rather faint, but brilliant. Upon 
another ſhell there was a tender orange colour and 
green, very beautiful; beſides a faint appearance 
of the other colours, excepting red. Theſe ſhells 
continued to ſhine above thirty minutes. 209 

From the many obſervations I had made upon Changing 
theſe colours, during ſuch a variety of experiments, of 
I had very great encouragement to try whether 
the yellow, green, and blue colours, in ſome of 
my beſt ſpecimens, might not be changed to red, 
by bringing the inflammable ſubſtances into contact 
with thoſe parts that gave ſuch colours. io 

Accordingly I put ſeveral of thoſe fine ſpecimens 
again into the fire, in five different crucibles: after 

having marked the places on the ſhells (by ſcratch- 
in them) which gave thoſe colours only. To 
theſe I applied the inflammable ſubſtances, ſuch as 
paper, ſugar, gum arabic, amber, - and charcoal, 
ſeparately. And though I found it exceedingly 
difficult to bring moſt of theſe inflammable bodies 
into contact with all the parts of the ſhells that 
gave the yellow, green, and blue colours, on account 
of their irregular ſurfaces ; yet with a little induſtry 
theſe difficulties were in a conſiderable degree 
removed. For, after expoſing the ſeveral crucibles 
to the fire, but at different times, and then 
examining the ſhells in the dark ſeparately, I ob- 
ſerved that many of the colours were entirely 
vaniſhed ; and in their room the red had taken 
place ; and particularly in three ſpecimens, where 
very broad and intenſe blues had predominated, 
: H 2 | the 


160 
the greateſt parts, in general, of that colour 
che three ſhells were, by this USERS, changed 
to a very fine red. 

I likewiſe obſerved chat the ſhells. in general 
were more bard and firm, after this ſecond procefs, 
than before; I mean in thoſe parts where the new 
reds were paar in the different ſhells. 


WE have not ſerupled to ſet down all theſe trials 
in the five. crueibles as one experiment, becauſe 
J was apprehenſive that the mentioning of ew 
ſeparately might be thought too tedious. 

I took. one of the ſhells, which gave 3 
Phoſphoric light than what was cauſed by calei- 
nation, and expoſed it for ten minutes to the rays 
cf the ſun, collected by a mirror which was about 
fourteen inches diameter; and then removed it 
into the dark. On that part of the ſhell where 
the rays were thrown, the light appeared conſider- 
ably brighter, but without exhibiting any colours. 
It did not laſt long: neither was the brightneſs of 
the light to be reſtored by expoſing the ſhell in my 
uſual way (through the curtain) to the open day., 

I now expoſed, one of the fine ſpecimens of the 
ſhells to the collected rays, as before, for. two ar 
three minutes; and by moving the ſhell a little, 
the greater part of it's ſurface was illumined by 
thoſe rays. | This ſhell, in the dack,: ſhewed the 
priſmatic colours. very vivid and beautiful, and I 
think rather more ſo than I had ever ſeen them on 
any of my former ſpecimens. . 


[/ 6x" J 

Had à proper rtunity offered I ſhould have 
cakeined forne dell with light congregate by a 
burning-glaſs, on purpoſe to have tried Whether 
they would have exhibited phoſphoric appearances, 
and particularly the priſmatic colours; becauſe it 
is not impoſſible but that ſuch an experiment may 
very likely — ſome infarmation of conſequence 
in theſe —— hes with * to = infleeninedle 


rer 


WE Law os Fern that moſt of — pte- 
ceding experiments wete mado in the winter, and in 
all ſorts of weather. However, I would not be un- 
derſtood to mean by this, that thick fogs, and 
heavy rains, are ſo advantageous for ſeeing the 
colours, as a clear ſun, or even a — day: 

and yet I have beem able to obſerve the priſmatie 
colours pretty mmm in thaſs a. 
ſeaſons. | 
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ments upon inflammable bodies that I apprehend 
are moſt eſſential for eſtabliſhing the principle 
upon which the priſmatic colours in the ſhells, 
appear to depend. As to the nature of this prin» 

ciple, whether it be perfectly ſumple, or whether 
it is combined with any other matter, I profeſt 
myſelf totally Ignorant. It is enough for me to 
have diſcovered it's effects, which are ſo neceſſary 
for exhibiting the priſmatic colours, by a ſeties of 
experiments in the vegetable, animal, and mineral 


kingdoms. 
I hall 
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I SHALL now make a few obſervations upon 
the ſhells themſelves, which are found to receive this 
ſubtile inflammable matter. | 

Calcareous ſhells, ' from the weak coheſion of 
their parts, are eaſily broken, or ſeparated, into 
numberleſs ſcales: and even thoſe again are found 
capable of being further ſeparated and reduced, fo 
as to become inviſible to the naked eye. 

Now I find that the cohefion of thoſe parts may 
be conſiderably increaſed, in many caſes, by only 
adding a quantity of the inflammable matter: for 
in the parts where the red a a firmneſs 
and "compactneſs frequently takes place in con- 
ſequence of it, which I did not obſerve in others 
where no red appeared. $18 e | 
And as I find that the red appearance may be 
always obtained in any part of the ſhell by only 
bringing the required to have that colour into 
contact with the ſubſtance that gives the phlogiſton; 
we have a proof that there is no particular diſpo- 
fition in the ſhell to produce that colour only, 
without the aid and aſſiſtance of the inflammable 
principle. | bf wt 
By this red happening in conſequence of the 
contact and the ſtronger coheſion of the parts in 
that place, it appears, that more. phlogiſton muſt 
have penetrated the ſhell in the part where the 
red was produced than in any other remote from it. 
This colour therefore depended upon the quantity 
of phlogiſton received in that particular part. : 
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And this reaſoning received the fulleſt con- 
firmation from the experiment which I made; where 
the other colours were ſeverally changed to red by 
putting the ſeveral parts of the ſhell which pro- 
duced them into contact with the ſubſtance that 
5 the phlogiſton ux. 7: * 
rom all theſe obſervations we may now collect 
the cauſe why thoſe parts which give the red 
appearance acquire that degree of denſity, which 
appears ſo eſſentially neceſſary for occaſioning that 
particular colour: and that particular degrees of 
denſity are eſſentially neceflary to exhibit colours, 
appears, from obſerving that the colours in any of 


the ſhells are not of a very laſting nature : for 
three or four days time make conſiderable variations 


in thoſe colours, by the ſhells imbibing moiſture 
from the air; which muſt make an alteration in 
their component parts, and conſequently vary 
their denſities: which is the thing we intended to 
prove. | 


IN regard to the ſhells giving the- priſmatic 
colours in the beautiful manner they do, when 
viewed in the dark; and yet affording no other 
appearance in the open day, than the ſame 
white light they acquired by calcination ; a very 
little conſideration may, perhaps, explain this 
matter, as we find it ſo exactly conſonant with 
other phenomena. . 

The ſtars, and even the moon itſelf, are totally 
obſcured when the ſun is in the meridian, 7 — 
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- food of light that is diffuſed over the whole of 
-our atmoſphere. And yet when that ſuperior 
light is withdrawn, how very {ſplendid does the 
-moon appear! Now the darkneſs we produce by 
art, exceeds this natural one by many degrees. 
No wonder then, that the difference between the 
external light, and the cloſet we have deſcribed, 
is far greater than that between noon and mid- 
night ; and more eſpecially whilſt the moon con- 
tinues ſhining. It is therefore entirely owing to 
this very great difference, that the priſmatic co- 
lours in the ſhells become ſo viſible in the dark, 
when the eye is properly prepared. So likewiſe, 
thoſe colours, though they actually continue to 
-exiſt in the open day, diſappear immediately on 
being expoſed to the fun, by the very great abun- 
dance of reflections and refractions of light with 
which they are ſurrounded. 5 
And however ſtrange it may appear, I have 
ſome foundation for apprehending, that the ſplen- 
dor of the priſmatic colours in the open day, 
could we perceive them, is far greater than that 
we obſerve in the dark. This notion ariſes from 
many obſervations that were made during the 
whole courſe of the preceding experiments. For 
when the different phoſphori were brought from 
the light into the dark, the ſplendor of the co- 
lours 'was exceedingly more vivid and beautiful 
in the firſt inſtant, than they appeared even in the 
third of a ſecond afterwards. The diſappearing 
of this great degree of brilliancy was ſo _ 
217 tnat 
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that I could ſeldom move the ſubſtances, which 
exhibited it, a few inches from the curtains, before 
a conſiderable alteration in it's vividneſs had ta- 
ken place : notwithſtanding-the time in moving 
the Selber from the curtains to the convenient 
diſtance for obſerving, (it being about 12 or 15 
inches) was not more than half a ſecond. | 


IN deſcribing the preceding experiments, I 
have ſet down the ſeveral colours which were ob- 
ſerved in each, ſhell ; the' order in which they 
happened to lie; and generally their degrees of 
brightneſs, as they appeared at 12 or 15 inches 
from the curtains. Nevertheleſs, I ſhall not be 
ſurpriſed, if another obſerver was to find the co- 
lours, in all theſe reſpects, conſiderably different, 
even at that diſtance, on account of a variety of 
circumſtances which accompany each experiment; 
and which may be materially neceſſary in produ- 
cing the colours, as I found them. Such as the 
quantity of matter, or materials, that is, or are, 
to part with the phlogiſton; the manner and 
diſtance of their 1 to the ſhells; the 
uneven and irregular ſurfaces of thoſe ſhells in 
general; and the great uncertainty of the heat 
employed in each experiment, '&c. Theſe are 
conſiderations of ſome moment with me, and, in 
my opinion, rendet it very difficult, nay, perhaps, 
impoſſible, to make any two experiments with 
the ſame materials, ſucceed in every reſpect alike: 
and as I had no exact rule to guide me in the 
— I great 


. 5 
great number of experiments T have made, I ſhall 
not wonder if more able obſervers ſhould produce 
the colours in far greater perfection than I have 
done: for I am ſo young in theſe reſearches, that 
I do not know whether I have yet ſeen any one 
of the priſmatic colours in the greateſt perfec- 
tion poffible. However, notwithſtanding all the 
conſiderations and difficulties I have mentioned 
above, no one ought to be diſcouraged from ma- 
king the experiments, as he will certainly obtain 
the priſmatic colours in ſome degree or other, 
and ſometimes in their 'order ; even if his at- 
tempts ſhould happen to be made rather careleſsly 
e ee. þ 
And to ſhew how calf a thing it is, to produce 
the priſmatic colours, I will give. an example, 
where nothing more is required than a few com- 
mon oyſter-ſhells, and a good fire of any kind, 
For if thoſe ſhells are thrown careleſaly into the 
middle of it, and continued there for a proper 
time, which may be from ten minutes, a quarter, 
half, or three quarters, of an hour, to one, two 
or three hours, according to the thickneſs of the 
ſhells, and the degree of fire they are expoſed to, 
the Teyeral ſhells, after being cold, will gie the 

riſmatic colours in a. beautiful manner, when 
the are remoyed from the. ſun into the dark 
fuddenly ; and the eyes have been previouſly pre- 
red a little to receive them. . 
My ſucceſs of late has been ſo very great in this 
a Se nne 


— 
— 
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reſpect, that 1 ought 1 not to t giving a general 


account of it. 

Half a dozen of thoſe common ſhells I forced 
1505 the middle of a ſea- coal fire, and continued 
them there one hour, Upon taking them out, 
the ſurfaces appeared to haye a dirty 8 
hue. When they were ſcaled and expoſed to the 
light, the colours in the dark exceeded every 
thing 1 had met with before, In one, the green 

redominated in ſo extraordinary a manner, that 
: | bought it was the brighteſt and moſt beautiful 
colour I had ever beheld. In another the yellow 
and red were 2 broad, and moſt intenſely 
— In a third, all che colours 2 exhibited 
to very great advantage. The fourth ſhewed a 
very fine red and blue. b but the yellow and green 
— The. fifth and ſixth exhihited very ſine 
colours alſo that were exceſſive bright. Thee 
colours did not only excel in their N of 
light, but in their continuance; for I was able to 
obſerve them near three minutes. In all theſe 
ſpecimens there was no inſtance where the colours, 
upon the whole, lay exactly in their order. | 
Upon expoling ſome 1 thoſe ſhells, to the fire 
again for fifteen: or. twenty minutes more, the co- 
lours were varied in many places, and new ones 
appeared in others. 
From this laſt experiment, and ſome former ob- 
ſervations, I am induced to 3 that the 
wells, during their calcination. in the fire, ate 
We * ed. a variety of ang 


- 


Candle- 
light. 
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in their component parts, by the inflammable 
principle they receive, that they are almoſt every 
moment differently diſpoſed, in different parts, to 
exhibit different colours. It is therefore proba- 
ble, that there is a time for taking the ſhells out 
of the fire, when they are capable of exhibiting 
the colours in the moſt favourable manner ; but 
to ſeize upon that moment, when the ſhells are 
diſpoſed to give the colours to the greateſt advan- 
tage, is a circumſtance beyond the reach of my 
abilities: and indeed, to ſay the truth, I have 
always found that chance did more for me in this 
reſpe& than judgment ; as for example. At one 
time I have obſerved the green predominate over 
the other colours in an extraordinary manner as to 
breadth and brilliancy ; at another, the blue ex- 


celled in an eminent degree; and ſo on with re- 
ſpect to the other colours, excepting the purple, 


which I very rarely was able to obſerve, there 
being but five or ſix inſtances where that colour 
appeared very bright. However, I found upon 
the whole ſuch an endleſs variety of the moſt 
beautiful colours to be produced in this-manner by 
fire upon the ſhells, that it hath amply repaid me 
for all the trouble I have had in theſe curious re- 
fearches. Nn 0 by % | 

To ſhew how excellent ſome of theſe ſpecimens 
(which I frequently obtained) were as phoſphori, 
the light of a candle, at eight or ten feet 


diſtance, was ſufficient to make them ſhine a lit- 


tle in the dark; and this light would continue 


for 


. 


for ſome time, but without giving any of the 
colours. , MO Weis 
In treating of the priſmatic colours exhibited Leaf gold. 
by gold, I mentioned the effects which a fingle 
leaf of that metal produced: and having obſerved 
that the red appearances are occaſioned ' by the 
contact of metal, or other ſubſtances, which part 
with the phlogiſton to the ſhells, and the great 
difficulty there 1s to bring a large ſurface of metal 
into contact with thoſe calcareous ſubſtances, which 
are generally very uneven and irregular on their 
ſurfaces, I had a deſire of trying whether the whole 
ſhell might not be made red by laying a number 
of ſuch leaves one upon another all over the ſhell 
Upon making the experiment with fix leaves of 
gold I was not diſappointed. For theſe leaves were 
made to lie pretty cloſe to the ſhell by blowing 
upon them gently. In this ſituation the ſhell was 
ut horizontally into a crucible, and upon it I 
2 another ſhell. Theſe were expoſed to the 
fire for ten or twelve minutes, and, after expoſin 
them to the light, the whole of the ſhell where 
the gold had been in contact, exhibited a red light 
that was rather brilliant than otherwiſe, excepting a 
very ſmall part which had a faint >reenith hue. 
The upper ſhell exhibited a red light alſo, but this 
red appearance was ſomething weaker, and only 
obſervable in two or three parts on that ſurface 
which lay next the gold. Wt A 
After trying a few experiments upon ſome finall Mother of 
pieces of mother-of pearl, I had encouragement Pe. 
to 


UE. 

to calcine a whole ſhell of that kind. It was very 
large, and required ſome care in the calcination to 
prevent it's breaking, and ſcaling, into ſmall parts, 
which it is extremely ſubject to, by that treatment. 
This ſhell I put into a moderate fire, and con- 
tinued it there a little more than twelve minutes. 
But, notwithſtanding all my care on taking it out 
of the fire, the ſhell broke into two pieces, and many 
ſcales ſeparated from it. Thoſe pieces I expoſed to 
the light at different times ; upon obſerving them 
in the dark, the colours on both ſides of thoſe 
pieces exhibited the colours very finely. The 
red, yellow, and blue appeared intenſely bright 
and beautiful all over both fragments, except a 
little green, which was rather fainter, and a few 
ſmall parts that gave no colour at all. There was 
no appearance of any white light whatſoever on 
either piece, Upon the whole, I do not think 
that the colours were finer than what the oyſter- 
ſhells ce: but the magnitude of theſe pieces, 
and quantity of colours they exhibited, were 
fach favourable - circumſtances as might prejudice 
a common obſerver to give them the preference. 

Beautiful as thoſe colours were, I do not re- 
"commend mother- of- pearl before the oyiter-ſhells 
for making experiments with, on account of their 
being ſo eaſily broke, and ſeparated by calcination. 
Beſides they are attended with a conſiderable ex- 
pence, if great quantities are made uſe of. On the 

other hand, oyſter-ſhells are eaſy to be had, and 
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even without money, which to ſome philoſophers 
is no inconſiderable argument in their favour, : 
In mentioning one object of economy, it bri 

to my mind another that may ſerve as a fubſtitute to 
make thoſe kind of experiments in, which will fave 
ce, and anſwer, in ſome degree, many of the 
of the dark cloſet; what I mean is a kind 
of box or camera, which muſt be ſecured properly in 
every part with black cloth to keep out the light 
effeQually. This box ſhould have a drawer in it, 
which muſt be fo contrived as to keep the light 
out alſo when i is ſhut; and the drawer muſt be 
large enough to hold the ſhells or other ſubſtances 

that are to be examined in the dark. And that 
there may be no difficulty in breathing the air 
within the box, two curving tubes may be inſerted 
ſo as to communicate with the external air: one of 
thoſe ought to be at the bottom, and the other at 
the top, of the box. The obſerver himſelf, whilft 
he is in this darknels, may, by a Httle eontrivance, 
very cally puſh the drawer out to the light, and 
bring it in again as readily, without any incon- 
venience. This 1 in the open 
air, and if in the light of che fan! ſo much the 
better. e LDH Bic Io San! 
2K 2 % M²engdttbe conn amen ds 
DURING the making of all the preceding e 
iments, I took every opportunmy in my power to 

learn whether the priſmatic! colours, in 
ſubſtances, had been diſcovered by any of the 
learned who have written upon the ſubject of 
phoſphori. Hicherto I have not been able to make 
1 144 out 
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out any more than that a red light has been ob- 
ſerved in two or three different phoſphori, and 
particularly in one by the celebrated Marggraaf, 
which is mentioned in a memoir of his printed in 
the Berlin acts for 1750, vol. vi. p. 156. 

La ſolution d'ecailles d'huitre faite dans Veſprit 
« de nitre, piEcipitce par 1'eſprit de vitriol, & cal- 
% cinee avec les charbons, donnera une lumiere 
% rouge.” ke £2 : | Dar 

When I firſt read the account of this experi- 
ment, it appeared ſomewhat ſingular to me, that 
the phoſphoric preparation therein deſcribed gave 
only a red colour in the dark, notwithſtanding it 
had been expoſed to a charcoal fire: but, upon a little 
reflection, I have ſince ſuſpected, that the heat M. 
Marggraaf employed was either too violent, or too 
long continued; for I have frequently obſerved, 
that the colours, which the ſhells exhibit, may be 
entirely deſtroyed in both theſe caſes ; nay, I even 
ſuſpect, that thepurple colour is generally occa- 
fioned by a I/ heat than any of the other colours. 
Had I met with this curious experiment of M. 
aaf's before 1 obſerved the priſmatic colours 
at it is not improbable but that this under- 
taking of mine would have been ſhortened conſi- 
derabl „ by falling upon a different train of ex- 
periments.  . However, ſince the method I have 
taken hath been productive of ſome material in- 
formation, it may, upon the whole, perhaps, be 
as well as it is; for in theſe curious reſearches, 
where a ſeries of experiments were my guide, 
many circumſtances conſpired to throw more light 
RE, upon 
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upon the. ſubje& than I might probably have 
found by proceeding upon a different plan. 
In conſequence of my ſteadily purſuing thoſe 
experiments, ſtep by ſtep, with great application 
and induſtry, and o nn every circumſtance in 
each experiment with all the care and attention 1 
was able, in hopes of tracing out ſome. ſecret 
principle upon which the phoſphoric power de- 
pended, chance threw into my way ſo uncommon 
an object, that I conſidered it as a treaſure in ex- 
perimental philoſophy to exerciſe my moderate 
talents upon. No day paſſed,” from that time to 
the completion of theſe obſervations, without 
making ſome new experiments, or enlarging; my 
ideas; and, after having extended my reſearches 
ſo far as to be able, at all times, by the fimpleſt 
means, to produce the priſmatic colours ſo very 
intenſe beautiful, without ever failing in my 
attempts; it now appears a matter of very great 
Hemel how I avoided ſtumbling. — diſ- 
covery immediately after I had obſerved the- 
effects upon the ſhells that were calcined in the 
cracked crucibles mentioned before in an 
part of this work. What a deal of fatigue and 
trouble would the putting of an oyſter-ſhell into 
the fire have prevented! Who would have 
thought that ſo ſimple an operation could have 


produced ſuch extraordinary appearances ? and 
that thoſe appearances, ſimple as the operation is, 
ſhould have eſcaped the obſervations of philoſo- 
phers, and thoſe drr wer who have intereſted 
3 6 a 6 1 them - 


& 
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| themſelves in theſe matters for ſo many years 
aſt? But experience teaches us daily, that, 
— an over eagerneſs in our purſuits to attain 
ſome favourite point, we generally overlook others 
of a more extraordi nature. ne in 
the end; however, ſometimes makes great amends 
for thoſe overſights, by diſclofing gradually the 
— in Girch after; but it muſt be 
acknowledged, that chance is frequently more 
generous, removing the veil at once, when we 
the leaſt think of it. For my part, I have been 
greatly obliged to chance upon this and many other 
occaſions; and, had it not been frequently taken 
notice of before, I ſhould have enumerated fome 
of the greateſt diſcoveries that have been made by 
others entirely through accident. | 
In this work we have ſhewn, by a grea 13 
of experiments, how the —.— colours may be 
exhibited in the dark as phori. Why may 
not chance hereafter, by phoſh Incky combination 
of circumſtances, again —— ſome diſcovery, 
in conſequence of thoſe extraordinary appearances, 
that may turn out to be of far greater importance? 
Attention and induſtry ſeldom fail of producing 


. vom? the notice of philoſophers. 
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T now remains 1 
the nature ab de . ee 
E SEW blervations. I ha 

e few o 1 bare 
to offer upon this ſubject, are thrown out merelx 
for the conſideration of more able obſervery; ho 
may 1 oh be diſpoſed, to inveſtigate the cauſe 
of this , as I know. very well; 
hy — _ K cen diſtant hints are ſome- 
times attended wich very good conſequences. 

In the ie memoir i by Beocark there are-othee 
ideas reſpecting this matter, which to me appear 
highly 2 of attention. But to enter upon 
thoſe curious ſpeculations in a manner they deſerve; 
requires greater abilities than I am maſter of. 
The little knowledge I have in theſe matters is 
founded upon experiments of my own, and Sir 
Iſaac Newton's. Obſervations, upon the natute and 
action of light and fire, * the ſulphureous or 
inflammable principle deſcribed in his optics. 

All ſubſtances appear to contain the inflammable 
principle more or leſs ; and thoſe ſubſtances which 
abound with it moſt grow hot, and kindle. into 
fire and flame more readily by the action of light, 
or other violent motions, than other bodies do. 
This principle however does not, in afl cafes, 
appear to be equally diſtributed through, os equally. 


In 


united to, the W in all bodies. 


8 


1771 *; and which I 2 repea 
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In phoſphoric bodies, for example, the inflam- 
mable 3 appears to be ſo weakly united, 


and even in thoſe inſtances where ſome parts con- 
tain more of it than others, as in the ſhells we 
have experimented upon, that it is more liable to 


. . be diſengaged, and emitted from them, in con- 


ſequence of the action of light or other violent 
motions; than in an infances where it is more 
ly united. 


ſtrong 
And that the phoſphoric light epi in a great 


meaſure upon this principle, and not entirely upon 


the actual ſolar rays which the ſhells had previouſly 
imbibed, appears from ſome experiments I made 


in conſequence of reading a curious one related 


the celebrated Father Beccari, of Turin, in the 
Tranſactions of the Royal e een 

ted many times in 
the manner in which it is deſcribed; and after- 
wards with ſome conſiderable variations. But, 
whether from not knowing ſome material circum- 
ſtance which he poſſibly may have omitted, or I 


mann en. in my trials, did 


not 
® Thecas' —— nd curavi ex lamina ferrea cylindraceas 
intus nigerrimas, ny cryſtallo occluditur, 
colore in theca quaque —_— ingulis thecis offas immiſi ex 
phoſ calcareo· ſulphureo ſingulas omnia pares. Hz clauſe 
foli objiciuntur ſimul omnes ; aſportatas in tenebras aperio, 
atque offam, qu per cryftallum viridem, video vireſcere ; ru- 
beſcere, .quz per rubram; flaveſcere, quz per flavam cryſtallum 
lucem imbuit : videlicet confit hoc 4 en non quantum 
folum lucem ehiberit * eam ipſum 
unice emittere. , | 
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not anſwer in the manner in which he bas 
deſcribed it. 

This learned father tells us, chat he en 
ſeveral cylindrical boxes of tin, which were black 
on the inſide. The top of each box was covered 
with glaſs of a different colour. In each of theſe 
boxes he put cakes of ſul hureous calcareous phoſ- 
phori which were like each other in all reſpects; and 
after they were incloſed, he expoſed them all to the 
ſun at the ſame time: and then, opened the boxes, 
after having brought them into the dark. When 
he perceived that the cake which had imbibed the 
light through the green glaſs, was green; that 
that through the red, was red, and that through 
the yellow was yellow.” From this experiment he 
not only obſerved how much light the phoſphorus 
imbibed, but that it emitted only ſuch as it 
imbibed. 

Dr. Prieſtley, after giving an account of F. 
Beccari's experiment, proceeds in theſe words: 
This therefore ſeems to be decifive'in favour of 

the opinion, that the phoſphorus emits the very 

«« ſame light that it receives, and no other, and 

“ conſequently that light conſiſts of real particles 
Jof matter, capable of being thus imbibed, re- 
e tained, and emitted; and I doubt not but "that 

* Zanottus, (if he be now living) , will Tetraci 
« his concluſion,” 

Now Zahotti's concluſion, by £ the fame PR) 
* I have not ſeen the original) is, ** that phoſ- 

— ſhine by their own native . aſter they 

ve been 9 by foreign light. 


I am 
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I am very happy in having this of ity of 
mentioning ae the learned ne Pan bs be 
much nearer the truth than Dr. Prieſtley appre- 
hends : and perhaps he will have no reaſon to 
retract his concluſion, after reading the following 

unents and obſeryations ;. or at leaſt till they 
are contradicted by other experiments. 

1, My firſt attempt, in repeating Father Beccari's 
experiment, was with cylindrical glaſſes of different 
colours, that were open at one end, and which I 
covered occalionally with three pieces of black 
leather. The depth of each glaſs was about fix 
inches, and the width about two inches.. Into 
theſe glaſſes I put, at different times, the ſame piece 
of oyſter-ſhell which I had previouſly prepared, and 
which in the dark gave a very fine whute light, that 
continued above u migutes. I then; tied the 
leathers over the aperture of the glaſs I made-the 
experiment with; and, as each glaſs had a little 
bending border round the top, which projected 
outwards, it was the more convenient to exclude 
the light by tying the leathers cloſe below this 
border. e advantage I gained * 
inſtead of metal boxes was, that the (hell within was 
more expoſed to the ſun than in Beccarr's method. 
And that little time might be loſt by untying the 
leathers, I tied them with a broad piece of ta 
and in ſuch a manner, that one motion was ſuſ- 
ficient to leave the leathers at liberty. In all the 
trials I made with theſe differeot coloured glaſſes, 
viz, red, yellow, green, and bluc, and, with the 


nine 1 een lame 
* Prieftley on Viſion, &c. p. 363. 
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ſame ſhell, there was no other a ce than a 
white light: but that light was a little fainter than 
the ed light produced by expoſing the ſhell 
to Yo 
Op — had recourſe to cylindrical boxes that. 
were black on the inſide, into which I put the 
fame ſhell in each and then covered 
the boxes with different coloured glaſe, in the 
manner Beccari has deſcribed. : After this they 
were expoſed to the ſun, but at different times. 
When' I uncovered the box, by removing the red 
glaſs, (which was the firſt experiment) the ſhell 
exhibitcd the ſame kind of white light I had ob- 
ſerved with the cylindrical coloured glafſes, Neither 
was there any difference in the: appearance of this 
light, when the green, yellow, or bine 
on were tranſmitted ſeparately through the te⸗ 
ive coloured . in the other boxes upon. 
1 ſame ſhell. metry 
But leſt any objection might be made-to e 

* of the phoſphoric ſhell I employed in the 
laſt experiment, I repeated them with the ſul- 
phureous ns; {phorus which Mr. Canton 
gave an account of to the Royal Society, and 
which ſeems to have N the ſame that Father 
Beccari made uſe Hh without being _ 1 7 
any alteration in the appearances from I 
deſcribed above. 

Secing ſo great r 
vations, oompared with theſe; and leſt any doubt 
ſhould remain between our experiments, I had 
a mind to try whether * 

. mov 


80.1 
moved by varying the experiment in ſuch a manner 
as to become abſolutely decifive. © 

4. For this purpoſe, inſtead of employing the 
ſhell which — Mn white light, I put in it's place 
another ſhell, which — exhibit the priſmatic 
colours — bright after it had been expoſed 
to the ſun. By this alteration I imagined, that if 
the coloured glaſs made any material difference, it 
would be perceptible upon ſome one or other of 
the colours. The firſt experiment was made with 
the cylindrical box, and a fine piece of red glaſs, 

nd and on both ſides, and tinged 
equally with red throughout. On removing this 
laſs in the dark, after the ſhell in the box had 
expoſed to the ſun, the priſmatic colours 
appeared ; and 1 could not perceive any alteration 
in them, except that they were fainter ; but I think | 
the red was the leaſt fo. - 
Ihe ſame effect of colours, with the laſt excep- 
tion, was produced with all the other coloured 
glaſſes: that is, when the yellow glaſs was made 
uſe of, the yellow light ſeemed to appear a little 
brighter; when the green, the green; and when 
the blue, the blue: the other colours reſpectively 
continuing much the ſame as with the red glaſs 
in the laſt experiment. 

Now, as all the colours were exhibited on the 
ſame ſhell in theſe experiments, 4 rapnny 4 
ſeveral boxes to the li bt with their reſpe 
re thoſe appearances wing have nt, — 

0 


ther 5 as well as _ f n . | 
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red glaſs ** on . making rays. 
And that 2 muſt have been the 
which w ly lodged within the ſhell. 

If — we conſider the nature and diſpo- 
ſition of thoſe parts which conſtitute the ſhells, 
after they have — phlogiſticated, they can emit 
no other coloured light than what correſponds with - 
the thickneſſes and denſities of their parts: for 
example, the denſeſt (provided they are ſuf- 
ciently ſo) cannot emit any other colour chan red, 
no more than thoſe which are next in degree of 
denſity can emit any other colour. 80 yellow 
and ſo on. 

When therefore one of theſe ſhells happens to 
be of an uniform denſity, the whole ſhell ought 
to emit but one colour; anſwering, as I ſuppoſe, 
to the thickneſs and denfity-of the parts. 
the experiment with the leaves of gold, where the 
whole ſhell nearly appeared of a red colour, ſeems 
to confirm the truth of the obſervation. For the 
gold in that experiment which imparted the phlo- 
giſton to the ſhells, may be ſuppoſed to have been 
of an equal thickneſs, and the contact of it alſo 
pretty nearly equal. 

And to — that light is a neceſſary inſtru- 
ment in producing the priſmatic colours, as well 
as many other phoſphoric appearances, * we will 
now relate ſome experiments that were made by 
the application of heat. 

Having procured ſeveral fine Gans of 
ſhells that gave the priſmatic colours intenſely 

L | bright, 
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bright, I took three of thoſe ſhells, and laid 
them flat, and at a little diſtance from one ano- 

ther, upon a-tin-plate, which covered a red hot 
maſs of fron about five inches ſquare, and two 
inches thick. This iron was ſhut up in a box of 
tin, to prevent the light from the heated iron 
diſturbing my eyes. But this precaution proved 
of little = becauſe the tin-plate itſelf, before 1 
un the experiment, acquired a red heat in two 
jo, three®#different places which were neareſt to 
the iran. In a very ſhort time, after the ſhells 
were laid upon the tin, a feeble whitiſh light ap- 
ed at the edges of the ſhells ; this afterwards 
read upon their upper ſurfaces ; and it increaſed 
in brightneſs for a little time in almoſt every 
part, but particularly at the edges. The whole 
time taken up by this increaſe, was not leſs than 
half a minute. Soon after the brightneſs began 
to decreaſe, and continued to do ſo till it entirely 
vaniſhed. But this decreaſing of the light was 
three or four times longer than the increaſe ; and 
the ſplendor at beſt did not exceed that produced 
3 external light upon the ſame ſhells in a 
cloudy day. In this experiment I perceived ſome 
of the priſmatic colours, but then they appeared 
more obſcure, and confiderably fainter, than what 
the open day produced upon the ſame ſhells, par- 
ticularly the red. | 
6. When theſe ſhells were become quite cold, 
and without expofing them again to the fun, I 
laid them, as before, upon the ſame heated ”_ 
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_ — 1 — ſeveral- — there way 

ight from the 
els — it — ſome difficulty 1 could di- 
ſtinguiſh it. 

This laſt experiment ſeems to prove Abet we 
obſerved before, that light is a neceffary inſtru- 
ment to produce thoſe kind of phoſphori. But 
this, perhaps, will appear more evident from tie 
following experiments. 

7. Whilſt 'thoſe ſhells l not, 
were expoſed to the open day. Upon bring 
them into the dark, I obſerved, that the priſmati 
colours appeared ſomething than when 
they ha den to ) the fats a cod ſtate; 

efore waited 4 little till they recovered the 
ſame ſtate as to cold; and then expoſed them 
again to the light: the colours, after this, were 
revived, and appeared: very lively, but not quite 
fo bright as when the ſhells were hot. I repeated 
the 6th and 7th —— many times, with 
the fame ſhells, atways obſerved the fame 
appearances reſpeQively, a0 are e in theſe - 


ye rt" a 
By theſe laſt experiments it appeass that Dr. 


Prieſtley was not right in his conjecture, where he 
| ſays, I would beg leave to obſerve, that the /ame 

«« ſtate of heat, which diſpoſes the phoſphorus to 
«throw off the light after it has been imbibed, 


* — — indiſpeſe to receive it ; fo 
that, in cireumſtancoes, ir will in reality 


« imbibe leſs light, 2 6 
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* be the caſe, if the head of the obſerver was 
« cloaked up, and the phoſphorus preſented to 
2 _ immediately after being expoſed: to tas 
light.“ * 

8. The ſame ſhells were now ex poſed again to 
the open day in a cold ſtate ; and whilſt they con- 
tinued ſhining in all their ſplendor of colours, I 
placed them upon the hot tin as before, and with 
that fide upwards on which the colours appeared 
moſt vivid. This took up ſo much time, that 
they became ſomewhat fainter. However, the 
heat they were now expoſed to, revived the 
colours conſiderably, ef] ly the red, yellow, 
and blue. And 2 —, diſappeared, a 
whitiſh light occupied their places, which laſted 
about one minute — it entirely vaniſned. 
9. I now applied the edge of one of thoſe 
ſhells (which was rather ſmooth than otherwiſe) 
m the heated tin, and at the ſame time held the 

air of pincers. In a ſew ſeconds, a 

— t appear — N next to 
me tin, which ſpread by degrees to the top of 
the ſhell. This light — in brightnels_ at 
the bottom, and ſpread itſelf upwards a full inch : 
-beyond that, the light decreaſed gradually, and in 
a little time totally diſappeared. During the de- 
creaſe of this light, and ſome time before it be- 
came very weak, a darkneſs took place next the 
edge in — with the tin; which ſpread - 4 
I Wr feag-re nnen eing. 
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In a little time after this, the whole phoſphoric 
light diſappeared by degrees. I continued this 
ſhel in the ſame poſition upon a heated iron for 
ſome minutes longer; when I obſerved another 
light cloſe to the ſame edge that was next the 
tin, and now next the iron ; but this ſecond light 
was very weak, and did not ſpread farther than 
the twentieth of an inch. 7 
10. I repeated theſe experiments with other 
ſhells of different thickneſſes, to obſerve the ap- 
pearances on both - ſides of each ſhell, With 
theſe I found, that one fide ſeemed generally 
brighter than the other: but the whitiſh light, 
and the feeble colours that appeared, (for : 
were barely diſtinguiſhable) did not fpread over 
both ſurfaces entirely, at leaſt with ſome of them; 
there being many places on one fide that did not 
give any light, and which I ſuppoſe aroſe from a 
different texture of the parts. | 8 
During the making of theſe experiments, I fre- 
quently examined the edge itſelf, which was in 
contact with the tin. This appeared luminous 
before any other part of the ſhell; and after- 
wards dark before the half inch of the ſhell be- 
came dark, deſcribed above. | x 
From theſe experiments it appears, that the 
phoſphoric light and colours (ſuch as we found 
them) are exhibited, and not generated by heat. 
It alſo appears, by the. preceeding experiments 
upon light, that the red tranſmitted rays from 
their nature, were incapable of being Im 
reit! a an 
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and emitted from the ſhell, fo as to exhibit all the 
other colours. #1564 a eyes page 
; Thoſe. colours therefore muſt have depended 
upon ſome other principle, which was capable of 
making ſuch a kind of partial change among the 
rts, as was not of a Iaſting nature: becauſe, in 
ſome circumſtances, the phoſphoric appearances 
are not renewable by the ſame ciuſe, after they 
have been once expelled by it. On which ac- 
count -this change, I ſuppoſe, cannot ariſe from 
any other cauſe, than the mutual action between 
light and the inflammable principle; for, accord- 
ing to Sir Iſaac Newton's obſervations, ** the 
«« changing of bodies into light, and light into 
« bodies, is very conformable to the courſe of 
« nature, which ſeems delighted with tranſmu- 

« tations.” e, wb F 
Now by comparing the different experiments 
together, where light and heat were employed, 
the phœnomena produced by each being ſo very 
different, are ſcarcely reconcileable with one ano- 
ther, without ſuppoſing ſuch a partial and tem- 
porary tranſmutation between the inflammable 
parts and the matter of light. For if this ſuppo- 
fition has no foundation, I would. aſk, how it 
happens, that the red making rays exhibit all the 
other colours in the ſhells ? and why heat exhibits 
a RYE light, and a weak appearance of 
colours upon the ſhells in one caſe *, and little, 
or none at all, in another ? + And yet the ye 
| $ 


I f 


Experiment. 
+ 6th Experiment, 
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ſhells in either of theſe caſes, at the inſtant after 
expoſing them to the light, only for half a ſecond 
or leſs, give the prifinatic colours afreſh, as if no 
alteration had happened. And theſe colours, 
after they have ceaſed to ſhine, are renewable 
again and again: for the experiment may be re- 
peated a whole day together, ſo far as I have ob- 
ſerved, whether the light they are expoſed to 
conſiſts only of the red, or yellow, or green, or 
blue making rays. This being the fact, the dif- 
ficulty of reconciling the appearances ſeems in- 
explicable, except upon the principle which I 
have aſſigned. * N 
It appears no leſs difficult to account for the 
emiſſion of phoſphoric light, without having re- 
courſe to a ſubtile and elaſtic fluid, in which vi- 
brations are excited by the action of light, or 
heat, or other violent motions; for the conſe- 
quence of ſuch vibrations muſt be an agitation of 
the phoſphoric parts; and, When they are ſuf- 
ficiently agitated, I ſec no reaſon why they may 
not emit light, and ſhine, according to the cir- 
cumſtances which accompany them. 

Whether the air is at all concerned in theſe 
luminous appearances I have had no. opportunity 
of examining. The difficulty of procuring what 
is generally underſtood to be a good vacuum, was 
one diſcouragement to my attempting any thin 
of the kind: but there was another which I h 
experienced, reſpecting the different appearances 
by different approximations to a vacuum. Bs 

rom 
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from ſome experiments I made many years 
ago, in company with Mr. Smeaton, and with 
his excellent air pump which rarefied the air. 
above two thouſand times, we obſerved in ge- 
neral, that very ſmall differences of air oc- 
cafioned very material differences in the lumi- 
nous effects produced by the electric fluid; in- 
ſomuch, that when all the air was taken out of 
the receiver which this pump at that time was ca- 
pable of extracting, no electric light was percep- 
tible in the dark; but, upon letting in a little 
air by a ſtop- cock, a faint electric light was viſi- 
ble, and the letting in of more air increaſed the 
light conſiderably. But this light began to de- 
creaſe on the letting in of more air, till, at laſt, 
on letting in greater quantities, it intirely va- 
niſhed. By this experiment it appeared, that a 
certain denfity of air was neceſſary to occaſion the 
greateſt luminous effects. 

This diſcovery induced me to ſuſpect, that the 
vacuum in the Torricellian tube is not a perfect 
one; becauſe, when the tube is properly electri- 
fied, a ſimilar light to the brighteſt deſcribed 
above is viſible in the dark through the whole 
length of the vacuum. | 83 

I have introduced theſe obſervations only to 
ſhew how careful we ought to be in drawing ge- 
neral concluſions from experiments which are lia- 
ble to many exceptions. 

The mentioning of electric effects gives me an 


opportunity of introducing an obſervation I made 
many 
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many years ago concerning that fluid. And it is 
the more proper to take notice of it in this place, 
as it relates to the inflammable principle. The 
obſervation is this: upon making a variety of 
experiments relative to the electric fluid, L ob- 
ſerved, that the luminous appearances were oeca- 
fioned by a ſulphureous principle that was driven 
off from bodies in conſequence of the violent mo- 
tion proceeding from that ſubtile and elaſtic fluid; 
and which ſulphureous principle, by mixing with 
the acid particles in the air, kindles into flame. 
From obſerving how eſſential the inflammable 
principle is, in occafioning phoſphoric appearances, 
was naturally induced to make ſome experi- 
ments upon the electric fluid with the ſhells ; 
and, though I found ſome encouragement to ap- 
uro that the matter which occaſions thoſe 
uminous effects in electricity depends upon this 
inflammable principle, yet I forbear giving any 
account of the experiments till ſome others have 
been tried, which, from their nature, may prove 


more concluſive than thoſe I have already made. 
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POSTSCRIPT. 


N 61. it is obſerved, that had a proper 
1 — offered, I ſhould have calcined 
ſome ſhells with light, congregated by a burn- 
ing glaſs, with a view to have tried whether they 
would exhibit phoſphoric appearances, and parti- 
cularly the pritmatic colours. ee 101 SO 

Since that time I have met with feveral favour- 
able opportunities of calcining oyſter-ſhells by 
the rays of the ſun, collected with concave mir- 
rors of different dimenſions, the largeſt being 
about two feet diameter. mt 

On expoſing one of the oyſter-ſhells, which I 
held rm pair of tongs, in the focus of the laſt 
mirror; a vapour from the ſhell, in a very ſhort. 
time, began to ſhew itſelf in conſequence thereof, 
which continued for ſome time, and frequently. 
hurſt forth in | quantities, throwing ſeveral 
ſmall parts of the ſhell along with it. Some of 
thoſe parts appeared of different colours as th 
happened to paſs the ſolar rays, (collected by the 
mirror) and were differently heated. At the ſame 
time thefe iſſued from this ſhell (as well as the 
other ſhells that I afterwards tried) a watery kind 
of matter, which fell upon the floor in drops. 
When I thought that part of the ſhell, to —_— 

0 


1 
the rays werd applied; was ſufficiently calcined I 
thifeed the Gtuation of 8 to 8 a 192 
ferent part. By repeating this operation, I at laſt 
— the calcination of four fiſths of the 
thejt at leaſt; I mean 08 the inſide thereof. 
Aſter this, Fexpoſed the back part of the ſhell to 


the rays in the fame manner, | but not for. ſo lor 
a time in any part of it. The longeſt time 
expoſed any part of the ſhell to the rays, in all 
theſe trials, did not exceed three minutes; and 
the ſhorteſt about twenty ſeconds. I obſerved 
the ſame rule nearly with all the other ſhells, 
which I calcined 455 Being thus pre- 
pared, I took the ſhells into the dark cloſet, 
and after 2 a Long tins, they were 
expoſed to the light of the ſun. On examining 
them in the dark, I obſerved on the inſide of one 
ſhell, a very good red, about half an inch in dia- 
meter; a little yellow, and a great deal of tender 
blue, In two or three parts there was a faint 
appearance of purple, And at the back of the 
ſame ſhell there appeared two broad tender blues, 
and a little purple between them. | 

On the inſide of the ſecond ſhell, the red and 
yellow were very vivid ; there was alſo a good 
green ; but the blue was very faint; and if there 
was a purple, I did not obſerve it : this, how- 
ever, was not the caſe on the oppoſite fide or 
back of the ſhell, for the purple predominated 
over a moderate red and blue light. 


By 
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Buy the ſame method I had calcined three other 
ſhells, the colours they exhibited were pretty 
nearly the ſame with thoſe I have now been de- 
ſcribing, except that in two of them there was 
no appearance of purple; and in one, no green; 
but then there was ſome red and blue, with a 


great deal of white light in various parts. 
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Fry F hodies > wk give | light in pee ck 
$62 > there are ſeveral: Kinds. For. ſome 

11710 bodies throw out light 22 

and others upon being encited. And — 


kind ſome ſhine with a natura light as glows 
worms, dates, and a good many caquaticks: 


others enjoy an edventitions ligt, as rotten waods 
and the fleſh of ſome quadrupeds and. birds. 
Theſe laſt are not haturally phoſphort, hut. ſome 
W to DO bd 
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is and ſometimes an inter 
fible —_— introduced into the natural conſtitu- 
tion of the parts. 

2. The other kind of bodies which a 
phoſphori upon being excited, or that are at leaſt 
aſſiſted by that means, may be diſtributed into 


different 1 according to 8 different modes 
of — a Theſe 0 les 1 2 — 
the free admiſſion of the arr, 13 eing 
1 fo the coef light. 


Bodies of every kind 44. . 
— Ne tp can bear that force of 
friction whi is ſufficient to produce the reluc- 
tant light that is hid in their ſubRance. For the 
ſame reaſon alnoſt-alh bodies grow hot, and often 
ſo violently as to take fire. There are ſeveral 
modes of atiritim e in the firſt place Sreſure, 
whereby, as Du Fay 2 ſome diamonds 

2 in place, co 
3 method of ſtriking . 
vf ſtones: friffion, and contrition; which laſt is the 
well known method whereby the coats of man 
animals are made to emit . In this. laſt 
and not to be too minute, we muſt reckon 
which agrees--molt larly with 
4 ſubſtances: a8 the ſou: 3 ſtruck 
with ores, and 3 n t. r 
1 Þ 
2 — a few diamends, together 
with: many other ſtones of ſmall value, as the 
lopivezull -the-falſe emetald, and 3 | 


1. 


\ of the air. An laſt place: we maſt 
| Qs puvir ant of Godofred, which 
every thing of this kind, and has obtained 


- 6. In this focond kind of boden de Bulonia 
None deſerves the principal place. From this the 
1 0 loſophers were firſt taught this wonderful fa- 
of "artratting the external light, N wn 
—— by which means they 
tearned to inveſtigate à fimilar pawer in other 
bodies. But their attempts were long 
ſucceſs: and if accident had not aſſiſted chem, 
perh our Bolonia ſtone had been the only 
gore tho at this day. 7 2/107 26 Hidz ! 
7. For though Heimont has told bs; ches 
-writings, chat Be had in this on a fic 0 
red as to recews the light; and to preſerve it | 


viſible for ſome time in a dark plaoe t. vet nobody 
bude Helmont has been curious enough to find out 


A 2 | his 


Without 
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ven tor. do eic tic ils 


| Zagony) this new phoſ 


| de ſame 
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reparation. ons has pened that 
22 of making ” 3 and al- 


moſt the memory. ef it, | hav died with the jo» 


8. In ae ee of this, the Bolonia 
ſtone — for ſome time a, conſiderable 
reputation, until Cbriſtian Adolpbus Baldwyn, in 
ſearching after ſome ſtrange — menſtruum, 
— yu phoſphorus which perhaps he was 
not looking for, and certainly had no opes of 
finding. "This, phoſphorus was Jike our ſtone in 
it's faculty of attracting the external light, and 
not inferior to it in the brilliancy of it's ſplendor. 
It was therefore received hy the philoſophers with 
fingular admiration and pleaſuro. For as there 
was, not enough of the Bolonia phoſphorus to 
furniſh every body with ſpecimens who wanted 


them, (which was not owing to the loſs of the 
art of making them, as is generally believed, but 
becauſe this ſecret; was confined to a few families 


at Bolonia, and. \principally to the family of 
came very oppor- 
tunely to ſupply it's place, and was eaſily procured 


i A that Wanted it, and was as fit for aaf 
T 


nts as the Bolonia one. 

— ane Tengs 
W is now r to n, and 
ſed of Shalk, diſſolved in ſpirit. of nitre, 
-which that author ſeems 
F eee nee rather 


than e 4 1 1 
(166 015 e +14 ere T1269 e . At. 
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9. Aſter the diſcovery or Baldwyn's 
| Tus, no addition was made to this claſs for near 
S0 years. But in the year 1930 Du Fay intro- 
duced an incredible number. For this ingenious 
perſon found that whatever ſubſtances might be 
turned to a calx by burning only, or being diſ- 
ſolved in a nitrous acid, and then brought into a 
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ſolid form ain, chat was hard enough to be 
| burnt to a white heat, were proper to imbibe the 
external light. By uns means the phoſphorus, 
which was before 2 Boge genus, and confined to 
the Bolonia ſtone, was much increaſed, and divided 
into two claſſes; in one of which our phoſphorus 
obtains the firſt place, and in the other the phoſ- 
— * of Baldwyn,” 
8 From theſe foftuinite- „ be ima- 
oel and expected, that all bodies pF be made 
capable of this diſtinction, either by the'proceſſes 
before mentioned, or perhaps by ſore one more 
obvious: True it is that Du Fay uſed his utmoſt 
endeavours to bring into this claſs of _ hori, 
metals, gems, chryſtals, flints, and ies 
of that ſort which could reſiſt the wy of bre, 
or of corroding liquors. 
I. But what he endeavoured to esel with 
Tuch great labour, he found four years after effected 
nature herſelf in the moſt noble of all bodies. 
Fay was at that time examining electric ſub- 
ſtances; and obſerving in moſt of them, that not 
only an attractive power, but even light was 
excited by friction, he made a morè diligent en- 
quity into the wonderſul differences of that light. 


Upon 
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s own invention, and at che ſame time re- 
peated thoſe which Boyle had formerly made with 
Clayton's diamond. Amongſt theſe he diſlin- 
guiſhed that experiment in which the gem hen 
moyed towards a /ighted candle continued to thine 
for ſome time with the ſplendor 2 romained. 


Boyle. had been of opinion that this light was 
to the heat occaſioned by the vicinity of 
the flame: and Du Fay. upon firſt making theſe 


experiments thought ſame. But he after» 
wards expoſed ſome diamonds to the rays of the 
fun, and though they acquired very little heat, 
pray had Guſt the ſame lender upon which 
he changed his opinion, and determined that this 
light did not proceed from the heat, but from 
the light of the ſun. And here he found him- 
ſelf in a = lar —— of eng 
Therefore 8 oat tune canner be —_— 
experiments upon other kinds of gems, 
and afterwards upon other ſtones, as well —— 
as otherwiſe. But theſe purſuits did not repay his 
labour, or anſwer his expectation, He found in- 
deed that ſome diamonds, and a certain rough eme- 
rald, together with certain cryſtalline concretions 
reſembling emeralds, amethyſts, and topazes in 
their —— but much — hardneſs, 
would ſhine in the dark after being expoſed to the 
light. To theſe he added the lapis 1azuli, the Bern 
Kone; and a few leaden ores, Except theſe. bo- 
dies he could diſoover none that might — 
3 their hardneſs and 2 
at 


7 
that might be deemed. relatod ta eryſtals, gs talks, 
or ſelenites, or chalks, or even to the gumerous 
clafſes' of matbles, that had this property: ' 
12. Whilſt this was doing at Paris, I acci- 
dentally diſcovered the ſame wonderful power in 
a diamond which I happened to wear in my ring. 
It appeared to me a ſubject well worthy the atten- 
tion of à philoſopher. I immediately began to 
1 all forts of experiments, in different kinds 
{ lights, upon my own diamond, and as 
many —2 different ſiges, waters, — 
rencies, and culours, as I could procure, in order 
to diſcover what difference might ariſe. in thie 
variety of ſtones, oither in the mode, force, or 
continuance of the ſplendor, I communicated 
theſe enquiries, and the whole fruit of them, ſuch 
as it was, to the academy. And I received from 
that ſociety the moſt! favourable marks of their 
approbation. However many things were left 
for; further enquiry, and it was indeed pals 
even to touch upon ſome parts of the ſubject. 
In 290 er no enquiry was made into the 
cauſe why ſome diamonds become phoſphori, 
whilſt others in all reſpects ſimilar to them, and 
expoſed to the ſame light, do ſtill remain dark. 
13. This new inveſtigation brought with it 
more labour than profit, with reſpect to the prin- 
oĩpal point; but afforded a deal of matter 
which was little expected from it. For being 
obliged in the courſe of theſe experiments to 
adopt a very nioe method of obſerving, inaſmuch 
as. the ſmalleſt difference of light would have 


very 
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very material eonſequences: it followed from 
this accuracy that fome things were obſerved; 
which had before eſcaped not only me, who am 
a pretty diligent obſerver, but likewiſe other 
perſons of «great ſagacity and diſcernment. 
found for inſtance, with reſpe&t to diamonds, 
upon account of which bodies this enquiry iwas 
undertaken, that there are amongſt them a much 
greater number of phoſphori than any perſon” of 
leſs attention would have imagined. It appeared 
too, that beſides this gem, and the ſmall number 
of ſtones above-mentioned by Du Fay, that | 
other bodies are capable Lethe fame diſtinQion 
without any artificial means and by the mere libe- 
rality of nature; and that not a few: other ſub- 
ſtances become phoſphori by undergoing a very 
fmall alteration, Being _— entered into 
this large field 'of enquiry, I t it my du 
2 with the — ——— — 
what I had undertaken by accident. For this 
reaſon I employed upon theſe experiments all the 
time that could be ſpared from more ſerious buſi- 
neſs. And finding that I had ſpent as much time 
upon this ſubject, with a view of extending my 
enquiries, as could be expected or required from a 
perſon” who had many other engagements ;” and 
moreover that it would take a much longer ſpace to 
bring them to perfection: for theſe reaſons I re- 
ſolved hot to · keep theſe obſervations private, but 
to communicate them, 'how- trifling ſoever, te 
the learned. And 1 hope that ſuch © as are 
judges of the ſubjeR, if they find my obſerva- 


tions 


[9 n 
tions to be founded upon truth, will not altoge- 
ther deſpiſe the preſent undertaking; eſpecially as 
muſt know, that'in-phyfical learning many 
t and uſeful diſcoveries have ariſen, or at leaſt 
ave been advanced, and perfected, from circum- 
ſtances apparently of ſmall moment. 1 
14. But before we ſpeak of thoſe bodies that 
are obſerved to ſhine in the dark by means of 
the light they have before imbibed, it: will be 
proper to explain in what manner the obſeryer 
ould e himſelf for this purpoſe; fince 
the whole affair depends almoſt entirely upon 
ſuch „ re It muſt be underſtood that the 
light imbibed by moſt of theſe bodies is neither 
very bright, nor very laſting. It is very clear that 
a weak light does not ſufficiently ſtrike the eye 
that has been before accuſtomed to a ſtronger; and 
it is as certain, that a tranſient and ſhort-lived light 
will be extinguiſhed before the commotion of the 
eye, occaſioned by the precedent ſtrong light, can 
have time to ſettle. In order to ptevent theſe in- 
conveniencies it is proper in the firſt ' place, before 
we begin our obſervations,” to remain in a very 
dark place until every veſtige of the light before 
received into the eye is entirely obliterated; and 
in the next place that the bodies upon which we 
obſerve ſhould be conveyed from the full light into 
the dark place of obſervation with the utmoſt 
ſwiftneſs; which cannot be performed unleſs: the 
2 of obſervation be very cloſe to the full light. 
in this caſe-how ſhall we avoid admitting ſame 
4 B 18 portion 


- 
* 
. 
— 


. 
2 


[ 

2 
= 
| 
1 
| 
| 
| 


all of 


was an aperture from the 


„ 

portion of light ſufficient to diſturb the obſerver's 
eye, together with the body? However, I ma- 
nage this point in the ſollbwiog manner: others 
mult ſuit their own fancy and convenience, but 
this. contrivance anſ my purpoſe. I had a 
{mall box made, but large enough 
either to fit or ſtand in, and at the 
ſame time of a convenient ſiae to be 
moved about. There was a door on 
one fide, which ſhut very cloſe; on 
the other fide was a window cut 
out, to which was fixed a cylinder 
* or tymparium,. fo cloſely joined as to 
leave the leaſt ſpace poflible between the joints, 
namely juſt enough to give room. for the cylinder to 
turn round it's axis, which was perpendicular. To 
the borders of the window were two wings, and 
to the upper and lower borders were fixed two liſts : 
which were of ſuch breadth, and ſo adapted to 
the curvature of the drum, as to intercept ſuch por- 
tion of the _—_— light, as 1 un 2 have 

paſſed through the joinings, el ace 
top to the e of the 


en And dl Þ.dodies. convey 
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and the obſcurity was at the time defended 
29 entirely 
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entirely from the light. Nothing therefore re- 
mained but that the ſpectator ſhould have his eye 


as free as ble from eve eding impre 
And this frecantion reqube? e jets 
be paſſed in the dark > which circumſtance would be 
very diſagreeable even to a man at perfect leifi 0 
and to a perſon anxious to try new experimen 
muſt be exceedingly diſagreeable. Therefore Du 
Fay is very right in recommending the firſt part of 
the morning for theſe obſervations, ſince the reſt 
and darkneſs of the night have then refreſhed the 
eye, and given it it's full ſtrength. As ſoon there- 
fore as a perſon wakes, he ſhould immediately ap- 
ply himſelf to theſe obſervations, without any pre- 
vious preparation. But if it ſhould ** that 50 
day-light has firſt fallen upon the * Yee e ob- 
2 ſhould be unwilling to go through the, pre- 
tion of darkneſs and ſolitude; in that 
= Da Ga Fay recommends the keeping of one eye 
open and the other ſhut. By this means the eye 
that is ſhut will, by it's reft 4 the excluſion of 
light, be fit for odlerving; and the perſon may uſt 
his other eye to prepare what is neceſſaty for the 
experiment. Theſe preparations will ks up half 
an hour, or a lon aber. for in theſe matters 
delay cannot hurt, but di patch may. When v7 


time is over, let him get info his box and pre 
obſervation ; for which he may know prep 
_ when he is able in the b 4g ceive 
| the form and whitiſh bue bue, of a ſheer of white 


| * por 15. Thus 
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15. Thus much for the manner} in which theſe 
obſervations ſhould be conducted. In which, if I 
have been too long I hope to be excuſed, eſpecially 
by ſuch as have upon other occaſions entred upon a 
work of this ſort, without any body to direct them. 
And now we ſhall proceed to the obſeryations 
themſelves. | b 

In order to treat of theſe in proper method, we 
ſhall divide the whole family of phoſphori into uo 
grand diviſions; and ſhall treat in the firſt place of 
ſuch as are naturally phoſphori, and in the ſecond 
place of ſuch bodies as becomes phoſphori by means 
of ſome proceſs, which however is ſlight and does not 
alter their nature. For the phoſphori that 
become ſuch by elaborate operations, namely, by 
the intire diflolution of their natural conſtitution, 
have been fully treated of by Mr. Du Fay. 
With reſpe& therefore to our firſt diviſion, 
namely, Je natural phoſphori, we muſt conſider 
the following ſubdivifions. In theſe we ſhall 
follow that order which nature herſelf, the only 
producer of theſe ſubſtances, hath followed in 
the arrangement of terreſtrial bodies ; that is, we 
ſhall refer all the phoſphori to the claſſes of foils, 
vegetables, or animals. | 

Amongſt the foſſils we muſt give the firſt place 
to thoſe bodies which ſeem to: conſtitute the 
ſtructure of the earth, being it's principal parts, 
or at leaſt that have a ſtrong relation to it's general 
diſpoſition ; and which bodies we find either 
thrown together in vaſt maſſes, or ſpread through 

2 great 
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great tracts; or laſtly diſpoſed in ſtrata. Some of 
theſe bodies conſiſt of parts that are ſcarce, if at 
all, connected together; which is the caſe of- 
collections of earths or ſands: the parts of other 
bodies are connected and joined together, as mar- 
bles, and other ſtones of great bulk. Py oe 
- 16. I have already ſeen many earths that are 
hoſphori, and likewiſe not a few that are dark. 

he dark ones are for the. moſt part of dark co- 
lours. Amongtt theſe I reckon-in the firſt-place: 
black, and dark; and then the following deep 
colours, firſt red, then purple, then green, and 
laſtly * ; but the white, the aſh colour, the 
green, and the yellow, being faint colours, are 
neither favourable to the phoſphoric quality, 
nor the (contrary. | For example, nuceriana, 
the white bole. of the gilders, and likewiſe the 
bole that is called the Great Duke of Tuſcany's, 
are white bodies and phoſphoric. But at the ſame 
time there are many other bodies, as white, that 
are not phoſphoric, and amongſt theſe the Vice- 
tina fullonia. There is the ſame ſort of uncer- 
tainty with reſpect to the other qualities. There is 
for inſtance a great variety in the nature of earths, 
ſome of which are of a looſe texture, and others 
thick and cloſe; for which reaſon the former ate 
light, and the latter more ponderous; ſome again 
are hard, and others on the contrary ſoft; ſome are 
tough, and others brittle ; | ſome are lean,” and 
others fat ; ſome are rough, 'and others ſmooth ; 
: F eee 
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amongſt which latter ſome are ſo ſmooth as to 
appear greaſy to the touch. But in this great 
variety I have not been able to diſcover any cer- 
tain criterion for diſtinguiſhing which are phoſ-, 
phori. But in moſt earths the light is weak, and 
eafily eſcapes obſervation, unleſs the eye be very 
clear and attentive. The earth that is brought 
from the Argentarian mountains, and what is 
brought from Sicily under the name of the mine- 
ral Bezoar, ſeemed to excel other earths in the 
force and duration of their light. The earth that 
is called the golden virgin earth by Boccani, ex- 
ceeds the foregoing not in it's ſplendor, but in it's 
duration. 
17. After the carths we muſt conſider the 
ſands, not becauſe they are of the ſame nature 
with the earth, according to the vulgar opinion. 
but becauſe they occupy large ſpaces, and conſe- 
2 make a conſiderable part of the earth's 

rface. But in truth ſands are very minute 
fragments of ſtones. It is therefore probable 
that they follow the nature of the bodies from 
whence they are broke in the circumſtance of 
being phoſphori or not, as well as in others. 
For which reaſon I gave myſelf but little trouble 
about ſands that ate black, or of other deep co- 
lours, having known by other obſervations that! 


ſuch colours did not admit the light. I therefore 
applied myſelf to white and other pallid colours; 
and in fact I think they appear well adapted to 
the admiſſion of light; for though I found one 

| or 
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or two that were otherwiſe, yet T ram doubtful 
whether this was owing to their natural conſtitu- 
tion, or to the adheſion of ſome foreign ſub- 
ſtance. For that ſand, which is dug out of the 
hills near Bolonia, and is of an orange colour, 
will not become a phoſphorus fo long as it conti- 
nues tinged with the ocre by which it is coloured; 
but, when that is waſhed off, the ſand becomes 
white, pellucid, and a very fine phoſphorus. 

18. Next to the fands and earths we muſt place 
ſach ſtones as are of à great bulk. Theſe, being 
in a great meaſure diſtributed in ſtrata, by 
their quantity and ſolidity fupport and embrece 
other bodies that are looſe and unconnected 
and 'by that means give a certain firmneſs and 
folidity to this globe. — Some of theſe ſtones are 
of a looſe texture, and a rugged ſurface ; others. 
are of a firmer compoſition, and not altogether 
rough; and, in the laſt place, ſome are of fo firm a 
texture as to receive a ſhining poliſh. The ſandy 
ſtones, which are in the firſt claſs, are pale and 
languid phoſphori; the Coſolearia, which is in 
the ſecond claſs, is ſomewhat brighter ; and mar- 
bles, which are in the laft divifion, are almoſt all 
phofphori. -But amongſt theſe ſuch as are. the 
whiteſt and the ſofteſt are the moſt eminent. 
Theſe. two qualities concur in the alabaſter. 
But the moſt beautiful of this kind is that alabaſter 
which our ſtatuaries call catagni. Next to is 
are certain marbles which are as tender as t 
alabafter, but are of a deeper colour in particular 


parts, 
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arts, and have conſequently dark ſpots .inter- 
mixed with their light; for in theſe bodies, as 
in others, colours obſtruct the phoſphoric quality, 
and the more, the darker they are; which was 
before obſerved with reſpe& to earths. But with 
faint colours it is otherwiſe; and indeed there is 
a marble of a tender red, 15 I have obſerved 
to be a hoſphorus, and eſpecially, ſome 
pieces of Een warble of that "pit her which 
is called brocatelli, Porphory, ophites, granates, 
and other hard and dark marbles of that fort, are 
either not phoſphori, or their light is ſo uncer- 
tain as to be hardly diſtinguiſhable. pho 1622 
19. Next to theſe large, bodies we muſt reckon 
chalk (or limeſtone) which in ſome countries, and 
eſpecially about Bolonia, does not lie upon the 
ſurface of the earth, or in ſmall quantities, but 
is found in great maſſes. To the ſouth of our 
city are very high hills, conſiſting entirely of 
limeſtone; and from thence very large veins 
thereof run through the neighbouring country. 
The limeſtone that is dug from thence for build- 
ing is naturally a pretty ſtrong phoſphorus, but 
becomes much ſtronger by burning. But this 
adventitious quality goes off in a few days; 
which agrees with Du Fay's obſervation with 
reſpect to this ſtone, and to marbles, and other 
ſtones. But when this artificial light is gone 
away, the natural phoſphoric quality ſtill remains, 
and is not deſtroyed by age, or by the injuries of 
the air, or other ſurrounding bodies. I ſhould 
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not have ventured to affirm this, if I had not 
found a piece of lime mor tr which was taken 
out of a wall above one hundred years old, and 
that had preſerved this power quite unhurt by the 
force of time, and that perpetual ſtreſs of weather 
to which it was always expoſed. iter 
20. Next to the ſtones which occupy large ſpaces 
of the earth, by their own great bulk, we muſt 
ſpeak of ſuch as are in themſelves ſmall, and are 
not diſpoſed in continued maſſes, but are found 
intermixed with the ſtrata of other bodies. Some 
of theſe are not harder than marble, and others 
are harder than any marble. Of the former 
kind, ſome have no determinate exterior form, 
and no particular and certain diſpoſition of the 
internal parts, which is the caſe of moſt lime- 
ſtones : the ſecond ſort are informal on the outlide, 
but have a certain particular diſpoſition of parts 
on the inſide, which in ſome of them exhibits a 
grain that runs in parallel lines, as in the ami» 
antus, and the alumen plumoſum: in, others it 
produces thin, flexible, and parallel laminæ, as 
in talc, and lumps of gold. or filver: in other 
bodies it exhibits Bla! 1k one over another, 
as in the ætites: and laſtly we muſt reckon ſuch 
ſtones- as have a certain regular. formation both 
internal. and external. To this claſs are referred 
by N oodward, who is our authority for this divi- 
ſion of the ſelenites, the lapis ſpecularis, the be- 
lemnites, the ſtalactites, and oſteocollaia. 


n | 21. Lime 
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21. Lime-ſtones are all phoſphort more or leſs. 
The colour makes a great difference. The white 
ones are the beft phoſphori, and the dark ones 
produce a pale weak tight. Of this fort are 
thoſe that the public ſtreets are paved with at 
Bolonia. The amiantus, and the papers that 
are made from it, are not phoſphori, nor is the 
tale a phoſphorus; neither the common pellucid 
falt, nor that which is green and unctuous; nei- 
ther is any of this quality in the ſpangles of talc 
wherewith the fands in our mountains are min- 
gled. This power is very weak in filver fpan- 
gles; it is ſtronger in a certain kind of ætites 
which exhibits that aſh colour which is obſerved in 
the incruſtations of certain ſtones that look like a 
kind of calx; but there is nothing of it in an- 


other kind of ætites that is found in the neigh- 


bourhood of Narni, and which is a concretion of 
yellow ocre ; fo that it plainly appears, that in 
the fame ſpecies of foſſils there is a great difference 
in the materials of their compoſition, and con- 

uently in their phoſphoric qualities. — But in 
that kind of ſtones which is diſtinguiſhed by a 


regular external and internal form, nature feems 


to have effected a wonderful ſingularity. In the 
ſtalectites ſhe amuſes herſelf with the moſt ele- 
gant variety of forms. She faſhjons tubes, lami- 
nz, trunks of trees, bones, clufters of grapes, 
and almoſt an infinite variety of figures, and even. 
ſometimes human forms, out of the ſtrong con- 


eretions that are found in water. But in the ſe- 
; : lenites, 
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lenites, and the Iceland cryſtal, ſhe is more la- 
borious, and conſtructs their figures according to 
the ſevere laws of geometry. Our Bolonia ſtone, 
has been the object of her induſtry; for ſhe has 
diſpoſed therein certain ſtriæ, pellucid as cryſtal,, 
and which tend to it's axis in the moſt beautiful 
manner. Moreover, ſhe has adorned all theſe 
bodies not only with the greateſt beauty, but 
with the phoſphoric power. Amongſt the reſt 
we muſt diſtinguiſh a certain Halectites that is dug 
in our neighbourhood, which is rather pellucid, 
of a yellowiſh colour, and of a beautiful form. 
Of the Tame kind are thoſe ſtones which are per- 
forated like ſponges, and are therefore called in 
our language water ſponges. Upon being burat 
they afford a very white ſubſtance, Our waters 


too produce a cruſt on the ſides of the pipes, and 


at the bottom of veſſels ; which cruſt is a very, 
ſtrong phoſphorus. | The ſame may be obſerved 
with reſpec to other concretions belonging to 
this kind. We need ſay nothing of the ſelenites 
and the lapis ſpecularis, ſince we have ſaid ſo much 


of our lime-ſtone, to which they have ſo much 


reſemblance. ' We muſt not omit the Iceland 


tioned ſubſtances produce a light almoſt equal to 

thoſe abuvemenitioned. _ The. belemnitæ, - the 

aſtroĩitæ, with reſpe&t to their form, 40 be 

reckoned of - this kinds but, with reſpect to 

their origin, they ſeetn to be of a quite different 

one. But Whatever r they may belong to, 1 
#154 2 


have 


gryſtal, and our Bolonia ſtone; which laſt mens 


# 
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have obſerved that moſt of them are phoſphori, 
ſome brighter than others. And fince we are 
talking of figured ſtones, we muſt obſerve that 
many dentritæ are phoſphori; but that ſort of 
dentritæ, that is formed like a croſs and 
ſpeckled, is little or nothing of a phoſphorus. 

22. I come now to conſider ſuch ſtones as are 
harder than marble, Theſe are all endued with 
a brightneſs that is altogether ſingular ; for they 
are capable of fo great a poliſh as to ſend forth 
light — point. Many of them are like- 
wiſe fo perfectly tranſparent that there is no part 
of them that does not feem to be intirely pene- 
trated by the light, and to be full of it. And 
yet in this kind of bodies, ſo noble and fo nume- 
rous, but a few ſtones can be found that retain in 
the dark any veſtige of that fplendor which is ſo 
great an ornament to them in the light, The 
lapis lazuli is the only ſtone amongſt the opaque 
ſtones which preſerves it's light in the dark. 
The malechitz, — the — family of the 
jaſpers, have not this property. But ſt the 
= that have a foe of tranſparency, I have 
obſerved that flints have a certain light ſpread over 
them. - And although this is but a weak light, 
yet it ſeems to penetrate the internal parts of the 
Kone, and at the ſame time to 3 4 colour. 
M imens of agate exhibit a like appear- 
rang n theſe was obſerved a very mall li 
diffuſed through the whole body, and of ſuch a 
horny colour as this ſtone has. I likewiſe 1 


* 
* 
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ſerved a light ſomewhat ſtronger in ſeveral con- 
cretions of the agate kind; and in particular I 
ſaw one that was formed in a plough, and ſome. 
others in the ſhells of cockles. All of which 
repreſented, in a beautiful manner, the ſame. ap- 
pearance as the true agate does. But there are 
a great number. of agates that do not ſhew the 
leaſt appearance of this faint light. But the lapides 
Caledonii that I have examined are all phoſphori ; 
and, amongſt the reſt, one was fo bright that the 
interior parts of it ſhone very conſiderably, But 
I have found that Du Fay's obſervation, which is 
mentioned above, is perfectly true with reſpect to 
all tranſparent ſtones, whether coloured or colour 
leſs, namely, that diamonds alone are the only 
phoſphori amongſt the gems; nor does this ex- 
tend even to all diamonds, nor is the phoſphoric 
quality in any proportion to the other fine * 
ties of the ſtone. And with reſpect to cry I 
have obſerved that their ſize, their tranſparency, 
C row colour, have nothing to 12 with their 

oſphoric properties; nor are properties 
affected b . oppoſite La Le * 
theſe conſiderations have made me ſuſpect that 
certain concretions which are called cryſtalline, 
and fo eſteemed, do in truth differ very much 
from the mountain cryſtal ; ſince otherwite they 
would no more . than the true cry- 
ſtals are. I have ſeen many ſpecimens. of theſe 


: 


concretions that are as hard as the d e 
w ſtones 
which 


and are found in thoſe globular and hollo 
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which are called cryffalline mothers, and there ap- 
pear in the form of very pretty ſmall gems. I 
ſaw likewiſe another cryſtalline concretion in a 
cockle-ſhell that ineruſted it's cavity with exceed- 
ing ſmall drops that were moſtly ſexangular. 
Theſe all were very bright phoſphori. 

23. As to thoſe metals which are of the next 
value to gems, they are farther removed from 
being phoſphori than gems are; for not only 
metals, but all ſubſtances that have any affinity to 
them, are excluded from that claſs of phoſphori 
into which ſome diamonds are admitted. There- 
fore cinnabar and lapis calaminaris, and biſmuth, 
and marcazites, and zinks, and other bodies of 
the ſame kind, are not phoſphori. But foffil 
orpiment and white 'arſenzc are phoſphori; but 
perhaps-theſe bodies may not be metallic, or they 
may have ſome particles in their compoſition that 
are phoſphoric. „ e ee ei 
24. And if this ſhould be reckoned to be ſome 
terreſtrial Juice, yet I cannot think it to be ful- 
phur; and yet it is a common opinion that the 

_ ofpiment has a great deal of ſulphur in it. But 
F have obferved that ful ptrur, and all fulphurious 
bodies, and fat juices, not only fuch as are Hquid, 
as the petroleum, but Hke wie ſuch #s are concre- 
tions, for inftance, amber, jet, pit - cbal, and all 
the claſſes of the bitumens, though they kindle 
by the application of hre, yet they are by no 


25. On 
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| 26, On the other hand, alis, whichconſtitutethe 
other. claſs of the terreſtrial juices, are phoſphotri- 
but then they muſt be perfectly free from all 
mixture, and eſpecially of metals: otherwiſe they 
will not be bee though they be as tranſ- 
parent as the cleareſt gem. I am warranted in 
this opinion by experiments made upon vitriol, 
both Cyprean, Roman, and German, and which 
had been — as tranſparent as a ſaphire, or an 
emerald, in order for the experiment. Other 
ſalts axe phoſphori: ſome better than others. 
The rock ſalt and the ſparkling falt are very fee- 
ble: the opaque ſalt is ſomething better: the 
foſſil red ale not at all: the ſea falt is a pretty 
one, provided it be cryſtalline and dry: the 
ammoniac is not extraordinary, but not the 
worſt of all. The falt that be called Cathartic, 

and the modern preparations of nitre, are 
| ſtrong: the — ſalt ſome what weaker, _ 
ſo is allum: but borax is an exceeding fine and 
bright phoſphorus. 

26, Thus far of bodies which ace naturally and 
truly foſſils. We muſt now ſpeak of ſuch as are 
reckoned foſſils, not upon account of their origin, 
but becauſe they are found in the earth. A great 


animals, which are found in fuch plenty and va- 
riety all over the earth; and even at great de 
and amongſt the moſt ſolid ſtrata, And theſe: 
muſt needs be good phoſphori, fince I obſerved 
thay all. 0. ieen Tagg] Shae. qraalieg aconee.0f aſe 


except 


part of this clais conſiſts of the ſhells of marine 
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except certain tubes that had had worms in them: 
and a body of that kind which is called dentalia, 
together with a certain nautilus of the foliatious 
kind. But none of theſe marine bodies had that 
quality ſo ſtrong, as ſome gloſſopetræ that I hap- 
— of 1 — ſeen — fiſhes teeth that nad 
acquired the hardneſs of ſtones, and were pretty 
good phoſphori. The remains of ſome land ani- 
mals are not altogether without this quality : for 
I obſerved that the foffil zvory was entirely ſuf- 
fuſed with this light; and that many bones of 
quadrupeds were phoſphori at different points of 
them. But I cannot fay ſo much with reſpect to 
the parts of vegetables: if indeed thoſe ſtony 
pieces which were ſhewn to me under the name 
of foſſil wood, are properly to be called vegeta- 
bles : for though they had the form of wood, yet 
their texture, - hardneſs, and colour, were very 
various. For I ſaw nothing in any of theſe ſub- 
ſtances that was not quite dark: though I ob- 
ſerved them with the greateſt attention. 

27. And now we have gone through all the 
foſſils, and are to ſpeak of the vegetables. This 
claſs of bodies is as numerous and various in it's 
"ſpecies as any that is known: and yet it ſeems to 
us to have but few phoſphori. But perhaps I am 
prejudiced by the incredible multitude of ſplen- 
did minerals that may have dazzled my eyes: 
and which is ſo great, that I have hardly been 
able to ſet down their names. However, if I 
may hazard a conjeQure in ſuch an abſtruſe queſ- 
274 5 tion, 
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tion, I ſhould think that vegetables are not in 
fact deſtitute of this power, but that they contain 
ſome mixture of foreign particles that hinder its 
appearance, I hall give the reaſons for this opi- 
nion upon ſome other occaſion. At preſent I 
muſt obſerve that land plants, whilſt they are full 
of juice and in verdure, have nothing of the 
phoſphoric ST But wood that is dry and 


without ſap affords a weak and tranſient light: 
and what ma ſtrange, this light flaws to 
the edges angles in ſuch a manner that it 
ſeems to leave the reſt of the ſurface. When I 
firſt faw this, it brought to my mind the magne- 
tic virtue which is likewiſe obſerved to flow to 
the edges of magnetic 


ic bodies. It is further re- 
markable that in ſome pieces of wood, and ef; 98 
cially in fir, there are ſmall ſpots about the ſize 
of a tare, which are of a remarkable brightneſs ; 
and make their appearance in ſuch parts of the 
body as have nothing to diſtinguiſh them from 
the general darkneſs of the ſurface. After the 
woods I examined ſome barks, and found them to 
be middling phoſphori : but the fruits and the 
ſeeds, together with the kernels and the flour 
contained in them, had nothing of this quality. 
And in particular I found that wheat meal and 
the whiteſt flour of wheat was as dark as any 
body whatſoever. But it js otherwiſe with that 
ſoft down which is containkd in the fruit of the 
cotton- tree, and which is produced by it when it 
becomes ripe : this 9 is very well _— 
| : Fr 
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and is beautifully white. Salts that are the con- 
eretions of the juices of plants, are ſtill better 
phoſphori. Of this ſort are thoſe ſtones that are 
found growing to the inſide of wine caſks, and 
which are called tartar. But of all the ſalts in 
this claſs of vegetables, the brighteſt phoſphorus 
is ſugar. This is not por e upon its ſur- 
face, but through its whole ſubſtance, as if it 
imbibed the light. On the contrary, gums and 
reſins, as maſtic, myrrh, and frankincenſe, are 
not at all phoſphori: in which they agree with 
thoſe fat juices, which we before reckoned among 
the foſſils. But we muſt except wax out of this 
account of fat vegetables : it is indeed an oleagi- 
nous coneretion, but of a ſingular nature. White 
wax is found to be a phoſphorus, but of a very 
weak and tranſient kind. As to marine plants, 
J have very little to offer that is worthy of no- 
tice : for I have examined but few, and thoſe not 
Juicy ones, but rather ſtony-concretions, I found 
that ſome white corals and a madripora of the 
ſtarry kind were phoſphori. But I ſaw another 
-madripora of the fungus kind that was dark. 

28. We ſhall now, in the laſt place, confider 
of animals. As this claſs of beings excels the 
other two in many particulars, fo we may obſerve 
that it is equal to either of them in its pms! 
Tic appearances. Indeed it produces ſuch a great 
number of phoſphori, as one can hardly reckon, 
:But at the — time there is ſuch a general re- 
ſemblance, and ſuch a natural correſpondence 

5 7 ah amongſt 


. 
amongſt them, that it ſeems not difficult to com- 
priſe them all under ſome general principles, and 
to treat of them in a narrow compaſs. It may 
be obſerved, that whatever animal fubſtances are 
fimply earthy concretions, hardened into a folid 
form, are at the ſame time phoſphori. For in- 
tance, moſt bones are phoſphori, and eſpecially 
the bones of ' quadrupeds ; 1 teeth of animals, 
and — the human teeth, ny in 
ſuch parts of them as have - contracted a ſtony 
hardneſs, are the moſt phoſphoric amongſt the 
bones. In theſe bodies hardneſs, compactneſs, 
and whitencfs, are circumſtances the moſt favour- 
able to their phoſphoric appearance, For this 
reaſon almoſt all the fhells of marine animals 
are phoſphori; and in the turbinated ſhells the 
light is the 8 at the cavity ↄf the orifice, 
and in the bivalve ſhells at the nodes of the 
joints; | becauſe, in theſe places, they are the moſt 
compact, and the whiteſt., Muſcles are covered 
with a very thin ſhell, and fo are the pinnæ: I 
have ſeen ſome of this latter kind brought from 
Amboyna; they had a tranſparent coat, but of 
the brittleſt kind. Theſe had no phoſphoric qua- 
lity. The fame may be obſeryed of the. unguis 
- odoratus, It's coat is formed out of a bony ſub- 
' ſtance that is ready to take fire, rather than out 
of any thing earthy or ſtony. And this makes 
me ſuſpect, that in ſuch bodies as are in a great 
meaſure earthy concretions, that the phoſphoric 
quality is certainly greatly leſſened, if not entirely 
. extinguiſhed, 


„ 
extinguiſhed, by the mixture of greaſy ſub- 
— And indeed the horns ply Go of land 
animals, which have a great ſhare of olcaginous 
parts, have either no phoſphoric quality, or it is 
ſo weak as to be imperceptible. On the other 
hand, ſtones that * bred in ag * * ani- 
mals are pre 1. this ſort 
are the A aha yy" — in the heads of 
ſome fiſhes, but which the river aftact have in 
their belly; ſuch likewiſe are what are called 
Bezoar ſtones; and laſtly thoſe ſtones that ar 
bred in the kidneys and bladder of men. But 
perhaps theſe become phoſphoric for a contrary 
reaſon ; for they are lean, and contain no more 
unctuous matter in them than ſuffices to connect 
the earthy parts whereof they conſiſt. We find 
likewiſe many examples of this ſort in other 
kinds of bodies. We thall take the birds as an 
inſtance. Their feathers, though they are ever 
ſo white, are not phoſphoci. On the contrary, 
their eggs, or rather the ſhells of them, have a 
reat deal of this quality. I obſerved it.particu- 
ly in the oſtrich's eggs. But theſe indeed are 
larger, harder, and thicker, than any other eggs, 
though there are many as white. But it is more 
ſtrange, that in thoſe eggs of that foreign bird 
which they call an emaw, and which are thick 
and hard, but which at the ſame time have a 
number of rough and dark ſpots upon their ſur- 
face; and likewiſe that in the eggs of many other 
birds, which, though they are white, hate yet 
a 


29 

a very thin ſhell, there ſhould be the like x 
phoric quality. But the truth is, that however 
thin they may be, and however ſpotted, yet 
their conſtitution is mare / earthy, and leſs 
oleaginous, than the feathers. - 

29. We have now finifhed our account 'of ſuch 
bodies as arc nat pboſphori. But before we 
proceed ito the .ſocond branch of our general di- 
uiſion, namely, the artificial phoſphor, we ſhall 
anſwer a fe queſſ ions that may /ariſe upon what 
has been ſaid. And firſt it may be atked, in 
what degree of light, and for how long a time, 
theſe 7 bodies ſhould be expoſed to it? 
In the next ar are the bounds beyond 
which theſe 3 bodies cannot ſhine, and 
_— — ge qualities wit not be per- 

le? We — next ſhew bow long the 
light may be expected to continue in the dark 
place. And laſtly we ſhall enquire, whether 
there is any proportion e eee . 
ſubſtances. | 

30. As to the firſt pon 1 have tried mpetir 
ments upon different phoſphori in different lights. 
They all of them are teſt in the light of the 
fan ; —— to this, in the clearneſs of a ſerene ait: 
a cloudy and dar day affords the weakeſt appear 
ances. The air muſt be free anf open ; for many 

ri that would afford a middling light in 
the open air hate been quite dank when ſten in 


A, nge that paſſes through a glaſs window. And 


therefore Homberg, in directing the manner of 
making 
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making experiments upon the Bologna ſtone, ſays; 
very rightly, that at ſhould be placed in the open 
air. For, if the ſtones ate of a dull kind, and 
not favourable to theſe experiments, the light 
that comes through the window will not excite 
them at all, or very weakly. Laſtly, it muſt be 
obſerved, that the moſt brilliant phoſphori hard- 
ly give any light at all, though expoſed to the 
brighteſt flame. For inſtance, alabaſter, which is 

haps one of the moſt ſplendid phoſphori, if it 
E expoſed to a large fire, will ſcarcely contract 
ſo much light as may be found in the common 
flint pavement of the ſtreets upon a cloudy day. 
By which we may underſtand . what a great dif- 
ference there is in the force of the ſplendor be- 
tween theſe two kinds of light, which if con- 
fidered ſeparately, and rather cutſorily, may be 
thought to be a good deal alike, at leaſt in their 
extremities. For who is there that, in a dark 
night, when his eye is ſtruck with a bright flame, 
would not prefer that ſplendor to the cloudy light 
of a gloomy day, or would not at leaſt think it 
as good? yet how many degrees muſt there 
be between thoſe two extremes of the ſolar light, 
and the light of the fire, ſince we find that the 
brighteſt light of the latter is ſo much inferior 
to what is almoſt the leaſt light of the former, 
that the objects expoſed to each are ſo differently 
:enlightened ? But in truth our ſenſes deceive us 
extremely in theſe matters, eſpecially when we 


co them ſeparately. Perhaps it would be 
9 ſafer 
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fer to compare theſe gradations of light by the 
application of phoſphoric bodies. Thus for in- 
ſtance we might, without any great danger of 
error, determine that degree of day-light to be 
equal to the greateſt brightneſs of a fire, in which 
day-light, alabaſter, or any other e the ſame 
kind, ſhall be found to ſhine as brightly as in the 
light of a fuachace. But this degree of day-light 
is not to be found except towards the evening. 
3 The time during which bodies muſt be 
expot-d to the light, in order to make them ſhine 
in the dark, is very ſhort: Four ſeconds, or five 
at the moſt, are generally ſufficient for the weakeſt 
hoſpori, and a longer time is uſeleſs. ' But to give 
4 middhng and tranſient light, it is enough in ge- 
neral to expoſe the bodies to the light for half a 
ſecond, or a third of a ſecond at moſt; And I muſt 
obſerve that this greedineſs in imbibing the light, 
which we find in phoſphori, that are not in the 
firſt, or even in the ſecond rank, is, to my ap- 
prehenſion, much more ſurprizing then the great 
phoſphoric vigour of the Bologna' ſtone, which 
has been ſo much admired by many philo- 
ſophers. | peil A of bd 1 
32. Thus much ſhall ſuffice, as to the light in 
which we place our phoſphori, and the time 
during which they are to continue in it. We 
are now to ſpeak of the light which they bring 
with them into the place of obſervation. And 
as to this it may be aſked what is the ſtrengthᷣ of 
it, and how long it continues. But as this is a 
r -.f ſubject 


ſubject that depends entirely upon the judgment 
of our ſenſes, every body muſt fee how difficult 
it is to reduce it to any known and certain 
ſtandard. For which reaſon we ſhall lay down 
but. one general rule with reſpec to this ſubject, 
and which is the only —— admits of no 
doubt; namely, that the light of theſe phoſphori 
is weaker than that of the Bologna ſtone, and 
even than that of fine diamonds. For it is cer- 
tain that this ſtone may be ſeen like a burning 
coat even in a moderate ſhade, and without any 
extraordinary. preparation in the obſerver's eye. 
And it is as certain, according to Du Fay's ob- 
dervation, that diamonds, in order to be viſible, 
require no greater darkneſs, nor any other clear- 
neſs of ſight, than what are ſufficient to perceive 
the light that ifſues from rubbed amber. But 
'the phoſphori in queſtion, although they be of 
the moſt ſplendid: kind, and at the height of their 
luſtre, do yet, to be diſcerned, require that the 
eye ſhould be more exquiſitely prepared. | 

33. The time of the duration of the phoſphoric 
Uight is, as we before obferyed, not the ſame in 
all bodies. Some loſe their light ſooner than 
| others; but the longeſt duration of it is very 
ſhort: for I never ſaw any that kept it's light 
more than ſix or at moſt eight ſeconds. But 
there are ſome that do not keep it for two 
ſeconds. And it is eaſy for an obſerver that is 
not well aware of this, and ready in his obſer- 

vation, to miſtake theſe for dark bodies. 
39> 34. From 


" 
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34. From what has been ſaid it may be in- 
ferred, that there exiſts ſome ſort of proportion 
between the ſeveral parts of this ſubject: the 
greater the light is, the greater and more durable 
will be the phoſphoric appearance; which is con- 
ſequently leflened by a ſmall light. The ſame ob- 
ſervation holds with reſpect to the length of time 
during which 'they are expoſed to the light, If 
this be too ſhort, the light will be font, and 
ſoon go out ; therefore as much time muſt be al- 
lowed as is neceſſary to ſaturate each body with 
it's juſt quantity of light. This, as we have ſaid, 
need not be long, but it muſt be enough: the 
duration of the light is 3 to the 
force of the light received; conſequently, bodies, 
that have received a brighter light, do not fo 
ſoon become dark as thoſe bodies that have re- 
ceived a weaker light. 

35. Having now finiſhed what 1 ofed t oſay 
with reſpect to natural phoſphori, I ſhall now pro- 
ceed to conſider ſuch bodies as become 
by artzficial means, or ſome other accidental 
cauſe ; and I ſhall begin with ſuch as are made 

hoſphoric without the application of fire. The 
firſ of theſe are ſuch ſubſtances as are produced 
by the maceration of certain falls and here 
I mean principally ſuch ſtalks as have barks; or 
ſuch ſtalks as are furniſhed with fibres that are 
long, ſolid, and flexible: the only art uſed in 
this caſe is to get rid of whatever is viſcous, „ 
or fat. When n parts are remov 5 
res 


34 


fibres remain ſoft, flexible, and perfectly white: 
they are then pounded, carded, ſpun, and wove. 
And thus cloths are made, thoſe beautiful and 
uſeful inventions, ſo acceptable to all ages and 
degrees of human life. But to this uſual com- 
mendation of their utility we muſt add, their 

eat merit as phoſphori of conſiderable rank. 
For it muſt be underſtood, that although flax, or 
hemp, undergoes ſuch a number of * by 
heat in the ſun's light, by being diſſolved in wa- 
ter, by putrefaction, by waſhing, by bleaching, 
and ſprinkling; I fay, notwithſtanding all this, 
the natural conſtitution and mixture of theſe bo- 
dies is not at all corrupted or impaired. For every 
injury ariſing from ſo long and laborious a proceſs 
affects not the ſtamina of the plants, but their 
juices only. It is theſe that ferment, that putrify, 
and that are cleared away ; but the ſtamina preſerve 
their ſtrength, and their innate qualities, again{t 


all theſe accidents ; and come out poſſeſſed of that 


phoſphoric quality, which was before oppreſſed 
and weakened by the juices. But fince nature has 
formed not only theſe plants, but many, if not 
all the reſt, with the ſame ſort of fibres, I have 
no doubt but that, by a like proceſs, other plants 
may be brought to the ſame clearneſs and bright- 
neſs. For fince the compoſition and mode of mix- 
ture are the ſame in all, as chymical reſolutions 
ſhew us, why ſhould' we not attribute to them all 
the ſame phoſphoric quality? And I have the 
following experiment to ſupport my mT 
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I macetated the fibres of the leaves of a garden 
willow in water, very ſlightly, and making up a 
maſs of that ſubſtance, and placing it in the day- 
light, I obſerved upon it a feint and tranſient, 
but at the ſame time a moſt manifeſt, light. And 
this reaſon made me obſerve formerly as to ve- 
getables, that they ought not to be ſuppoſed to be 
otherwiſe than phoſphori. | | 
36. From linen macerated, rubbed, pounded, 
and reduced to a ſort of liquid pulp, is made 
paper; a moſt uſeful production, and which 
wants nothing but ſcarcity to. intitle it to the 
higheſt compliments. This is alſo a phoſphorus : 
Philoſophers ſhould therefore hold it in great 
eſteem : I am ſure it is intitled to my acknow-- 
ledgments, for it opened the way to my diſcovery 
of this multitude of phoſphori. For when I was: 
looking for ſomething elſe, I accidentally obſer- 
ved a piece of paper ſhining with a moſt beautiful 
light. At firſt I aſcribed it to the whiteneſs o 
it's colour, and therefore endeavoured to find the 
like appearances in a great number of other white 
bodies. But obſerving that ſome of theſe were 
phoſphori, and others not; and going on in 
this train of obſeryations, I at length arrived 
at the knowledge of thoſe things which I 
have already delivered, and am now going to 
purſue. Paper then, after it has been vexed by 
this long proceſs, retains that phoſphoric faculty 
which-it- received from it's firſt origin, and is 
therefore a great proof of the ſtrength: of it. 
| E 2 Theſe 
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Theſe appearances are more wonderful in the pa- 
per, than they are in the linen out of which 
it is made ; inaſmuch as the paper is more un- 
like the ſtamina of the plants from which theſe 
two curious productions are made; for who can 
find in paper the leaſt trace of the original form 
of flax or hemp ? That whiteneſs, which is not 
exceeded by that of any other body,; that den- 
fity, which is at the ſame time not altogether im- 
penetrable by wet, or light; that flexibility, 
which is at the ſame time tenacious of folds 
it's ſmoothneſs, it's thinneſs, and all thoſe other 
—— that diſtinguiſh it ſo much: what dif- 
erence is there between theſe and that wet, ſoft 
texture, that verdure, fragility, and all the other 
qualities of a tender bark ? But if we eſtimate 
things not by their outward appearance, but by 
their inte conſtruction, we ſhall find, that hu- 
man induſtry has made a very ſmall alteration, or 
haps none at all, in the real vegetable nature 
of the plants, but has only introduced a new diſ- 
poſition of the ſenfible 'parts. For what do we 
find in the fibres of the Kalks, from which linen, 
and afterwards paper, is made, which theſe two 
bodies do not, upon an accurate ſcrutiny, diſcover 
to. the induſtrious chymiſt, whoſe art extends to 
the internal compoſition of bodies ? It is well 
known that paper, and likewiſe the fibres of 
plants, from whence linen is made, do afford in 
the proper furnaces, firſt water, then another li- 
quor of an acid nature, next oil; at firſt mild, 
afterwards 
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afterwards' acrid and more burnt ; laſtly, thic 
and blackiſh, At the end of the proceſs is left a 
ſort of coal, chiefly of an earthy nature, black, 
and poſſeſſing an acrid taſte, from the intermixture 
of oil and an alkaline falt. From whence it 
plainly appears, that in the whole ſeries of theſe 
changes, although the, external form of the bodies 
is loſt, yet the inſenſible parts, and what conſti- 
tutes their natural and internal mixture, remain 
entire, | h 
37. However, whether this phoſphoric quality 
in the paper be derived from it's vegetable origin, 
or be occaſioned by it's laborious manufacture, it 
is yet ſo fine a phoſphorus as could not be paſſed 
over in ſilence without ſome loſs to natural philo- 
ſophers, eſpecially as theſe particulars have not 
been mentioned by any other writer. Much leſs 
can I omit what I afterwards learned by experi- 
ments made upon paper itſelf. Though paper be, 
as we obſerved before, a conſiderable phoſphorus, 
yet, upon the application of a moderate heat, at 
leaſt ſuch a heat as does not at all hurt it, the 
paper will become ſo ſplendid as to be in a man- 
ner a new phoſphorus. I proved this by two ex- 
periments : in the firſt I expoſed the paper to the 
fire, without the interpoſition of any other ſolid 
body; in the ſecond I applied the fire by means 
of a ſolid heated body. The firſt experiment 
was in this manger: I laid a ſheet of paper upon 
a gridiron, and placed upon it a ſquare flat tyle 
ſo as to preſs the paper cloſe to the bars. Under- 


neath 


[ 38 ] 1 
neath were placed burning coals. When the 
paper was heated enough, the tyle was taken off, 
and the paper, hot as it was, expoſed to the 
light, and afterwards removed into the place of 
obſervation. It was there a very pleaſing fight to 
obſerve the paper ſhining with an uncommon 
light, and to ſee the figure of the gridiron ex- 

refled by the moſt elegant mixture of ſhade and 
ight. For in thoſe places which were freely ex- 
por to the action of the fire, there was the 
righteſt light; but in the other parts that were 
covered by the bars, and which had only the uſual 
quantity of light upon them, there was the ap- 
rance of ſomething like darkneſs, which exhi- 
ited the outline of the bars determined with the. 
greateſt precifion. The duration of the light was 
equal to it's ſtrength ; for it continued ten ſeconds 
at leaſt, ſo lively, that the repreſentation of the 
gridiron remained very diſtinct; and when the 
appearances ceaſed, the paper was again ex- 
poſed to the light, and being brought into the 
lace of obſervation, the fame appearances were 
again obſerved. This being often repeated, the 
brightneſs of the image went off by degrees, and 
at length, after being many times expoſed to the 
light, and taken into the place of obſervation, they 
at length entirely diſappeared, leaving the uſual light 
of the paper evenly diffuſed over every part of it. 
8. The ſecond experiment was made in the 
following manner: there was a pretty thick plate 
of braſs, which was made fo hot / th it could 
* hardly 
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hardly be held in the hand, but at the ſame time 
would not hurt the paper. Being placed upon 
the paper, and continued there till the paper was 
hot, it was taken away, and the paper removed, 
as uſual, into the place of obſervation. In the 
part that had touched the plate, it appeared of an 
extraordinary brightneſs, and ſhewed the figure 
of the plate perfectly defined : the reſt was as 
in the former experiment. Long ago I made ano- 
ther trial of the ſame thing, with a view of de- 
termining the duration of the light received from 
the fire. For this purpoſe, having heated the 
paper, by means of the plate, in the uſual man- 
ner, I expoſed it for a few ſeconds to the light, and 
preſently drew it back again into the dark. I re- 
peated theſe movements fifty times, and found 
that I could clearly diſtinguiſh the figure of the 
plate every time. After that there was left a 
very ſmall light circumſcribed by the outline of 
the former figure ; and ſoon after the whole ap- 
pearance was gone off; and the paper, upon be- 
ing expoſed to the light, produced only that mo- 
derate and equable appearance which was natural 
to it. 

9. But I muſt mention one circumſtance, 
namely, that when the adventitious light began 
to go off, I ſeveral times expoſed the oppoſite hde 
of the paper to the external light; and as often 
as I did fo, I obſerved the figure of the plate to 
appear much brighter on that ſide than on the 


upper one; and yet the latter had been in contacł 
W with 
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with the heated plate, and had been often refreſhed 
by the external light. From whence it may be 
inferred, that the phoſphoric quality, which is 
acquired by the application of fire, may in theſe 
kind of phoſphori be worn out and exhauſted by 
the repeated application of light : though this does 
not hold with reſpe&t to the natural phoſphoric 

wer. This obſervation. was made long ago in 
relation to the Bologna ſtone : as to which it has 
been often laid down as a rule, that in order to 
preſerve it for a long time fit for experiments, we 
ſhould not often produce it in the open and lucid 
air. But I think it may be proper to enquire, by 
means of accurate experiments, whether this pro- 
perty is obſervable in the other phoſphori which 
are made fo by the appliction of fire: for if it 
be, we ſhall have another new criterion in both 
the kinds of phoſphori, that is, the natural and 
artificial, which may perhaps affiſt us in our fur- 

enquiries. | 

460. Nor is it leſs remarkable that this bright ap- 
pearance of the plate was very clearly diſtinguiſhable, 
though there was no heat in the paper perceptible 
to the touch. And from hence it is eaſy to conclude 
one of theſe two things, either that the corpuſcles 
of light, or of that body in which light reſides, 
continue much longer in bodies where they are 
fixed than the corpuſcles of heat: or if we at- 
tribute an equal power in this reſpect to each of 
them, then we may conclude that the fight and 
the touch do not judge of their reſpective objects 
| with 
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with equal accuracy : from whence it may follow, 
that one may be truck, when the other is little or 
not at all affected. | 
41. It will not be difficult to propagate this laſt 
opinion amongſt thoſe philoſophers who maintain 
that one and the ſame body of fire is both heat and 
light : that is, it is heat when the fire itſelf is greatly 
agitated with a variety of motion; and that it is 
light, if the corpuſcles of the fire-are diſpoſed in 
certain ſeries, and, being driven forward in right 
lines, ſtrike upon the eye of the obſerver. Theſe 
gentlemen will judge for themſelves how far my 
experiments coincide with their opinion. It is 
certain that they can find nothing more likely to 
change the heat impreſſed upon the. paper-into light, 
according to their notion, than this application of 
the external light. This light being diſpoſed in 
right lines, and thrown from the ſhining body 
by quick and ſtrong yibrations, will impel, direR, 
and order the congenial matter which it finds upon 
the paper. By this means, that which only affected 
the touch, as heat, will, upon being excited by 
other light, ſtrike 1 the eye. In this particular, 
therefore, they will find theſe iments very 
agreeable to their notion. But, I apprehend, they 
will not be able to reconcile to their opinion that 
certain, and accurate definition of the figure which 
we have before related. For we do not ſee how 
that figure could be fo exactly taken, 2 
retained, by fiery. corpuſcles. For they muſt al 
allow that it is the nature * heat, or fire, to endea · 
vour 
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vour conſtantly to expand itſelf, and in fact to ex- 
pand itſelf every way, How then can it be, that 
this reſtleſs and impatient ſubſtance ſhould remain 

niet within the outline of the plate? And if it 
ſhould paſs that, and be diffaſed over the reſt of 
the paper, and if it ſhould then be expoſed to the 
external light, would it not become all over a 
phoſphorus; and either inlarge the image of the 
plate, or rather confound and obliterate it? Theſe 
things ſhould be well conſidered by thoſe philo- 
fophers who chuſe to try their parts in this curious 
inveſtigation. They ſhould farther be acquainted, 
that by the heat of fire, not only paper, but many 
other bodies, have their phoſphoric light encreaſed : 
ſome of them retain the ſame degree of light 
which they had before: others have their natural 
light ſo far weakened, that it would appear quite 
extinguiſhed if it did not revive upon removing the 
adventitious heat. But I have not yet had an 
opportunity to are ſuch a number of obſer- 
vations. ＋ n me to digeſt theſe bodies 
into certain kinds: ſo that by comparing them 
together we might learn how far they agree with 
the nature of fire and heat, or how far differ 
from it. g 115 a Wes "y FONG IO LET oc © 
#227 But it is now time to treat of thoſe phoſ- 
photi; that become ſuch by the operation of fire. 
fd here it muſt be remembered, that ſuch a 
degree of fire only is required as may affect on] 
the external hes 'of the bodies, _ that 13 
1 fig ht degree ; aid not ſuch as may diſſolve or 
TUO | £ * deſtroy 
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deſtroy the internal conſtitution. Therefore let 
the fire be no more than ſuch as may leave ſome 
traces of it's operation upon the bodies: and may 
not change their form, but leave them, in fact 
and name, ſuch as they were before: for we do 
not mean to introduce cinders, athes, or calx's, 
but the bodies as they were. Moreover, theſe 
phoſphori are not to be produced by burning, but 
only by drying, or roafting. And in mixed bo- 
dies we cannot roaſt the watery humour; for 
this illudes the force of the fire, and becomes 
vapour, and returns again to water, if properly 
received: nor do we roaſt the ſaline or 
particles, for theſe vitrify, or they dry up, or be- 
come calx's: but the ois and at s, which 
conſtitute the principal parts of the bodies, theſe 
are the objects of their roaſting. Vegetables and 
animals abound moſt with theſe parts. And there 
is great reaſon to ſuppoſe, that almott all animals 
and vegetables, it | properly * roaſted, | may be 
{brought into this claſs of pheſphori. But we 
muſt truſt to obſervations and bot to . 
Therefore, in ebis place, I ſhall relate nothing 
that is not founded upon experiment 5 anden 
other conſiderations for F werte tts 5 
43. The fleſh of animals, if Walled; is a phoſ- 
Phorus. I tried the experiment only upon White 
- meits, ſuch as Poultry: for I Was afraid to ven- 
ture upon brown mests, well ne that the 
light is rejected or folt in them. Bones'tike wiſe, 
2 are natural 1 beaome-brightsr, 


£.* as 

and of an unuſual colour, by burning. Likewiſe 
the nerves, upon being roaſted or dried by a mo- 
derate heat, become very ſplendid and durable 
phoſphori. And fince almoſt the whole animal 
ſyſtem confiſts of nerves, and fince all nerves con- 
tain a viſcid, tough, and glutinous matter, I did 
imagine, that if animal glutens were roaſted, they 
might become good phoſphori : and I found my- 
ſelf not miſtaken ; for the common glue uſed by 
Joiners, and ifinglaſs, become phoſphori by roaſt- 
ing. I was not leſs attentive to other animal 
ſubſtances. I roaſted many of them : ſome ſuc- 
ceeded, and others did not. Feathers and hoofs, 
which, as was faid before, are naturally dark; 
and likewiſe the whites of eggs; though I have 
tried them ſeveral ways, yet I could never make 
them phoſphori. But it is otherwiſe with the 
ſhells and the yolks. But theſe laſt do not be- 
come phoſphori till they are hardened and re- 
| duced to a ſolid and almoſt a dry maſs, by preſ- 
ſing out the oleaginous part: for whilſt they 
have that juice, they will grow ſofter, by the ap- 
plication of fire, and not acquire that drineſs 
which is requiſite to make them bear roaſting 
without taking fire. But when they are made 
dry, or at leaner, by having the oil taken 
out by means of a very gentle heat, and ſuch an 
one as does not mark them at all, they then be- 
come phoſphori, and produce that light, which 
the abundance of the oily juice cauſed to adhere 
to the bodies, or oppreſſed and prevented from 
N ſhining 
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ſhining forth. But now, how comes it to paſs 
that one part of the egg ſhould become a phoſ- 
phorus by fo ſlight a proceſs, and the other is not 
to be made ſo by any means? How comes it that 
when Lemery was endeavouring to make Hom- 
berg's phoſphorus, out of each part of the egg, 
he Pound that the yolk eaſily anſwered his pur- 
ſe, but could do nothing with the white ? 
heſe are ſtrange effets in theſe bodies : what 
connection is there between. theſe phoſphori of 
mine, and that of Homberg ? Is it not ſtran 
that the ſame ſubſtances, which remained Jack, 
or become phoſphoric when expoſed to the light, 
ſhould, in his experiment, be not at all affected 
by the contact of the air, or ſhould, on the con- 
trary, be ſet on fire by the air, and blaze? In 
truth, this is a new field of meditation and en- 
quiry. But I have no time at preſent to enter 
into it, nor does it fall within the compaſs 
of this work : for I am now giving an account 
of experiments, and not debating upon philoſo—-—ꝛ 
hical queſtions. To return ; I muſt obſerve, that 
in this enquiry concerning animal ſubſtances, I 
made ſeveral experiments upon milk. For being 
perſuaded, that white bodies were in a fingular 
manner adapted to theſe appearances, I could not 
help trying experiments upon milk and ſnow, and 
other very white budies. But I had no ſucceſs in 
the firſt two. As to the milk, I aſcribe my ill 
ſucceſs to its' fluidity : and as to the ſnow, I 
thought that ſome other qualities, which need 
| not 


[ 46 ] 

not now be mentioned, had diſappointed me : for 
in reaſoning upon abſtruſe and new ſubjects, we 
are apt to think in a very confuſed manner. How- 
ever, whether this conjecture about the milk was 
well or ill founded, I {till continued to make ex- 

iments upon it. For I could not help think- 
ing, that there were ſome qualities in milk, 
which, upon being properly managed, would 
make it become a phoſphorus. I knew, for in- 
ſtance, that it contains ſome very viſcid parts, 
which is a circumſtance well known to many ar- 
tificers, who make a very ſtrong and uſeful glue 
out of cheeſe well waſhed and pounded with 
quick-lime. I therefore conjectured, that cheeſe 
well dried and toaſted would afford a good phoſ- 
phorus : and 1 found my conjecture to be right. 
44. The ſame proceſs, which has ſo much in- 
<reaſed the number of animal phoſphori, may be 
applied with the like ſucceſs to vegetables. The 
gums make the greateſt figure in this reſpect, the 
gutn arabic in particular; after that the gum tra- 
gacanth; myrch likewiſe aftords ſome light, 
it mixed with a dark hue ; which laſt m 
Se-owing to the marks of the fire, for it is di 
fioult to avoid them. However, the greateſt care 
muſt be uſed in applying the fire to prevent any 
mark of burning, and that the bodies may be 
dried only. It is uſual for the gums to (well 
being expoſed to the fire; which is cauſed by the 
lobſtruction which the incloſed humour meets 
wich from the wiſcous and tough 'coveting. For 
5 1 which 
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which reaſon a very gentle heat muſt be kept up, 
ſo that the watery parts may be inſenfibly and 
eafily evaporated. By this means the body will 
be left dry, and as it were cartilaginous, and will 
have it's phoſphoric qualities in proportion to it's 
whiteneſs. With the ſame attention we ſhould 
roaft all kinds of nuts, pulſes, grains, and flour 
of wheat, if we would have good . phoſphori. 
Theſe bodies in drying, if the de white, 
ſhould be habits 50 to a very flight yellow; or, if 
they are naturally yellow, as many are, they muſt 
then be made of a faint red. is obſervation 
particularly relates to pulſes, which, if dried in 
this manner, become brittle and eaſily ground, 
And by theſe marks we may know — 5 bodies 
are properly prepared. In ſhort, by this flight 
procefs, I have found very fine phoſphori in al- 
monds, in the fruit of cheſnut trees, beans, 
vetches, peas, oats, and wheat; in a word, in 
every kind of grain that I happened to think of: 
and fince I have obſerved that all the experiments 
ſucceeded well, when tried upon all theſe badies 
indiſcriminately, T thought proper to give over, 
for I faw there would be no end of the f.bſtances 
of this kind that are pboſphori. | Amongſt other 
experiments I muſt not omit thoſe that were made 
upon that grain that is now fo faſhionable in 
Europe, I do this the rather, becauſe. coffee, 
which. is what is meant, does not belong to an 

of the claſſes of vegetables vefore-megntianed, but 
clearly a different one, For it is not a ſpecies — 
1,7 x 
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the bean, but, according to Jeſicu, is the ſeed of 
a tree which belongs to the genus of jeſſamines: 
this ſeed, therefore, when moderately burnt, and 
not roaſted as it is for drinking, affords a reddiſh 
dark light, altogether unlike that which true 
pulſes afford : by which it clearly appears, that 
the natural conſtitution of bodies has a great 
ſhare in cauſing this difference of light. 

45. I ſhall juſt mention ſome experiments that 
have been made upon bread. This body holds a 
conſiderable rank amongſt theſe phoſphori; nor 
does it require any other proceſs than that whereby 
it is made bread out of meal or paſte. For the 
kneading and the concoction, which make it 
| bread, do likewiſe make it a phoſphorus. It 
ſhines moſt in thoſe places that are leaſt baked, 
and inclines more to white than red. The crumb 
of bread, not toaſted, is dark ; but, upon being 

_ toaſted at a gentle fire, ſo as to be juſt yellow, it 

becomes bright, and for the moſt part brighter at 
the extremities and angles than in other places. 
Obſerve therefore by . — ealy a change meal, 
which is naturally dark, becomes phoſphoric. 
But there is another phoſphorus made from the 
ſame materials by a much lighter change; it is 
not indeed ſo ſplendid as bread, but it is a mani- 
feſt phoſphorus. It is well known that wafers 
are made out of meal diluted with a great deal of 
water like a liquid glue, and dried upon hot iron 
plates. It is uſual to colour them with red, 


otherwiſe they are perfectly white, which ſhews 
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that the meal, has ſuffered , nothing, by the heat 
of the plates. Theſe wafers are _ phoſphori, 
but that, quality is increaſed, by. 7 en. As 
was before obſerved with —— to pa 

46. Hitherto we have treated of ſack ch phoſpbotia 
are produced by ſuch a force of fire as ſcarce. makes 
any ſenſible. — in the bodies. But a greater 
force of fire muſt he applied, even ſo great, as to diſ- 
ſolve, and ſet at liberty, one or more of the elements 
of the body, in order to give this quality to thoſe 
ſubſtances of which we ſhall now rene Iu We — 
mention in the firſt place certain reſms. Theſe m 
firſt part with an acid liquor; and then with that 
oil, which, on account of it's ſubtility, is called 
ætherial. "Aker . this proceſs .there will, remain a 
certain ſolid tranſparent btittle maſt, ſmooth as 
glaſs, and poſſeſſing the attractive quality of amber. 
This is called colophonia, upon account of it's 
likeneſs to the, reſin. of that name. This is a 
phoſphorus ;, but I cannot ſay that all teſins, when 
treated in this manner, do become become phoſphoris 
fince I have obſerved it only in the pine refin, in 
amber, and in turpentine. But I do not deſpair 
of bringing many other reſins into this class, either 
by ſome particular, procels, or 1 by the proper 
application of fire. In truth, Whenever I have 
been preparing the above mentioned reſins, I have 
conſtantly found, that the proper management of 
the fire, was the great point of the work. For 
there is a certain meaſure in drying and dene 
them, of which; if the operation falls ſhort, they 
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ſtill remain dark: and, if it be exceeded, they 
loſe the phoſphoric power. Therefore they muſt 


be treated with fo gentle a heat as to concoct them; 


and not ſo great a one as to make them begin to 
burn. And I have found by experience that this 
meaſure may be known by the colour of the oil 
that iſſues out. For it is at firſt white, and when 
it begins to turn yellow, we may know that we 
muſt immediately ſtop ; or the proceſs will not fuc- 
ceed. For this change of the colour ſhews, that 


the oleaginous part of the reſin is beginning to 


be too much ' burnt. And this agrees with what 
was before obſerved concerning the heating of other 


bodies: wherein' we ſhewed that the colour was the 


rule to go by in the application of the fire. And 
perhaps, after all, there may be found out ſome 
one fingle method for the preparation of all theſe 
phoſphori :” nay, perhaps there is ſome principle in 
them, upon which the fire acts in the e 
and the light, after they become phoſphori. Cer- 
tainly, in mixed bodies, it is the oleaginous part 
that is principally concerned in bearing the fire 
whilſt they are © roaſted or dried. But they cannot 
be dried unleſs the moſt ſubtile parts of them be 
evaporated; much leis can they be roaſted. There- 
fore, if we allow that the turpentine refin, whilſt 
we are concocting it, and condenfing it into a 
co ia by means of a heat not greater than 
boiling-water, ſends forth an acid liquor, and a 
thin oil: if this is the caſe, may we not * 
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that glutens, leguminous and framentaceous 
together with meal, and other bodies 


denſed, 3 in the manner n 
thin colophonia ? Beſides, other arguments might 
be produced if there was occaſion, or if it come 
within the compaſs of this work. But I ſball 
reſerve them for another opportunity. For I am 
in hopes that by ſame proceſs or other, all reſins, 
and every body of an unctuous nature, may be 
made phoſphoric. And if I do this, which has in 
fact already ſucceeded with 


47. And now we muſt peak of tho@puniculers 
wherein theſe artificial phoſphori differ from the 
natural. But we muſt firſt male proper diſtinctions 
amongſt the artificial phoſphori ; otherwiſe we ſhall 


miſtake for general properties ſuch- as relate only to 
a few of them. Some of them, as we have before 


obſerved, become phoſphori without the application 


of fire; as linen and hempen cloths- and paper: 


there are others which have no ſenſible alteration 
by the fire, as wafers : and a third ſort of bodies 
become. ph r 
e fire 828ͤ 
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the conſtitution of them, lightly and ſuperfici- 
ally, or it affects their interior diſpolition, and 
entirely deſtroys their conſſitution. The former 
of thels happen with reſpe& to bodies that are 
roaſted; and the latter is "the caſe of ſuch bodies 
as are burnt, or being firſt diflolved, in Baldwyn's 
method, by the force of corroding liquors, are 
afterwards made very hot. Such bodies there- 
fore as become phoſphori by maceration, or cther 
like cauſe, and not by means of fire, are in every 
particular the ſame as natural phoſphori. But the 
phoſphori that are produced by fire have many 
things quite ſingular. This does not extend to 

the kind of li light to be imbibed; for in this re- 

, and as eaſineſs of being excited, they 
reſemble natural phoſphori : but theſe particulars 
conſiſt in the nature of their phoſphoric power, 
which they derive from the fire, and in the kind 
of light which they exhibit. . 

48. With reſpe& to the phoſphoric power, we 
3 uſe ſome diſtinction in order to explain, and 
ſet in a proper light, the ſeveral varying circum- 
ſtances, which are conſiderable. It muſt be ob- 
ſerved, in the firſt place, that theſe artificial phoſ- 
phori, which are e by roaſting, do in time 
ſo intirely loſe that phoſphoric power which they 
derived from the fire, as to return to their origi- 
nal darkneſs ; this is intirely different from the 
conſtant and perpetual exiſtence obſerved in the 
natural phoſphori, which reſiſts all force, and 
perhaps will ſurvive after the intire — of 

eir 
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their fabric. But ſuch bodies as become phoſ- 
phoric by burning only, or by Baldwyn's proceſs, 
ſeem to contain a double phoſphoric power : one 
of theſe is lively, and in many reſpects like that 
which is fond in roaſted bodies ; the other is 
weaker, and not much unlike what we ſee in na- 
tural phoſphori. The former of theſe, which 
immediately after the proceſs was bright and vi- 
vid, does not long continue ſo ; but, like the 
roaſted phoſphori, goes off by flow degrees, and 
is at laſt intirely loſt: but the ſecond kind of 
light, if we may gueſs at the future by what we 
have already obſerved, will always laſt. The 
aſhes, or rather the moſt ſubtile earthy. particles, 
that remain in the /xivium of burnt plants, bath 
been found after many years to be very conſi- 
derable phoſphori. have likewiſe obſerved, 
that concretions of ſalts, formed ſpontaneouſly in 
theſe lixivia, by keeping a good while in a warm 
lace, and which are equal to the famous Glauber 
falts ; and likewiſe, that the ſalts, which are ex- 
tracted from aſhes burnt with common ſulphur 
to a white powder, are very bright phoſphori, 
after ues 125 for a great — Es 5 
Therefore the phoſphoric power, ariſing from 
fire, does in burnt bodies end in a ſmaller degree 
of power, but ſuch a one as appears likely to be 
erpetual ; whereas in roaſted bodies the power 
is not only leſſened in a much ſhorter time than 
in the foregoing, but ſeems to be altogether ex- 
tinguiſned. But the duration of it R 
* ame 
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ſame in all of them. The gum arabic conti- 
nued for ſix days at moſt; bread did not laſt one 
day; and coffee but a few minutes. 

49. And as this virtue is ſoon loſt, ſo it ma 
be ſpeedily and eafily reſtored. It is enoug 
to warm theſe languid, or rather extinct, phoſ- 
phori; for there is no occafion to roaſt them 
much. By this means the loſt virtue revives. 
In this reſpect they refemble the Bologna phoſ- 
phorus, and other ſubſtances prepared in the ſame 
manner. But how often this may be repeated, 
and the phoſphoric power reſtored, I do not 
know, for I have not tried it; nor does it appear 
that it has been tried by any body upon our ſtone, 
or by Du Fay upon his phoſphori : for which 
reaſon I hope to de exculid Yr the omiffion of 
this particular, which is certainly of ſome conſe- 
22 or rather I beg leave to defer it, toge- 

er with many other particulars, to ſome other 

portunity. | 
* 50. In che mean time, I muſt mention ſome- 
thing which I conſtantly obſerved with reſpect to 
the phoſphoric power of roaſted ſubſtances. 
They do not diſcover this quality immediately 
upon being taken from the fire, You muſt fi 
ſuffer ſome part of the heat to go off; the virtue 
acquired from the fire grows ſtronger as the body 
grows colder : ſo that heat ſeems to be oppoſite to 
this quality. In this reſpe& likewiſe theſe phoſ- 

ori reſemble that of Bologna, which, when 

t, does not exert this quality : and even though 

4+ | it 
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it be not hot, yet, if it be newly prepared, and 
not uſed to the light, it will 1 — but indif- 
ferently. | 
51. And theſe are the principal points wherein 
the phoſphoric power acquired by fire differs from 
the natural; but the artificial g erat and the 
natural, differ likewiſe in the appearance of 
the light itſelf : for the artificial exhibit a brighter 
light, but which is reddiſh, and ſometimes dark ; 
they likewiſe retain the light ſomewhat longer ; 
but the natural phoſphori . a light that is of a 
whiter kind, or tinged with a —.— yellow, and 
they loſe their light ſooner. But theſe appear 
ances are not ſo conſtant, nor fo general, as not 
to afford a great deal of variety. For there are 
ſome natural phoſphori that have a very bright 
and durable light; and by this means firſt occa- 
fion themſelves to be obſerved by the philoſophers, 
There are others; for inſtance, the lapis lazuli 
which afford a reddiſh light; and laſtly, 3 
the artificial phoſphori, the colophonian turpen- 
tine, which, according to the nature of this kind 
of body, produces a light which is rather ſtrong 
and durable; does likewiſe preſerve it's phoſpho- 
ric quality for many years; which in this fort of 
body is — But there are very few, con- 
ſidering to what numerous kinds they belong; 
and, in ſo great a number, no regard is to be paid 
to the appearance of a few individuals. _ 
2. Ice therefore that phoſphoric power 
which is naturally produced, or at leaſt not by 


the force of fite, and likewiſe that phoſphorus 
; | which 


! 

which is found in antient calxes, are endued with 
qualities differing from thoſe that are found in 
roaſted bodies, or bodies newly burnt, it may 
hence be eaſily ſuſpected, that there are two 
ſpecies of this power. This conjecture will be 
ſtrengthened, if it ſhall appear, that each ſpecies 
is founded upon certain and definite qualities. 
And, in truth, the phoſphorus in bodies roaſted or 
newly burnt, ſeems to be fixed in its oily, or as 
the chymiſts call it, it's ſulphureous principle. 
For we have already ſhewn, that this principle is 
more adapted to roaſting than any of it's others; 
and many bodies newly burnt, make this notion 
very probable, by the ſulphureous odour exhaled 
from them. But the phoſphorus of natural bo- 
dies, or of bodies that have only undergone ma- 
ceration, or ſuch like change; and likewiſe the 
phoſphoric power of ancient calxes, if they reſide 
in any element in particular, may well be ſup- 
poſed to be fixed in the earthy element. For bo- 
dies, which are phoſphori naturally, and without 
any preparation, do, for the moſt part, upon be- 
ing burnt, become calxes; and have therefore a 
great deal of earth and of lime, or rather limiſh 
matter, in their compoſition. By maceration the 
fatter parts of mixed bodies are preſſed out; con- 
ſequently the carthy parts remain drier, and more 
ſolid : moſt certainly they are relieved from that 

matter which principally obſtructs their phoſ- 
phoric qualities. Laſtly, in ancient calxes this 
earth ſeems to remain pure and uncorrupted ; and 


being entirely fixed, and of the moſt 2 
. able 
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able nature, it naturally affords more than any 
other body, thoſe conſtant and perpetual appear- 
ances that are mentioned before. But it is quite 
otherwiſe with reſpect to ſalts and ſulphur. Salts 
very eaſily ſuffer damage by the air, by moiſture, 
and by the prevalence of oppoſite falts ; ſulphur, 
on the other hand, very eaſily frees itſelf from 
any foreign mixture, and is eaſily diffipated by 
any flight agitation, being naturally a very light 
ſubſtance. This being the caſe, it is not at all 
ſtrange that ſulphur does not continue long in 
bodies : but whilſt it does continue, the hoſ- 
phoric power, which adheres to it, and is by that 
means viſible in freſh calxes, remains entire and 
unchanged : but when the ſulphur flies off, and 
is at laſt deſtroyed by time, then the phoſphoric 
power is alſo by degrees weakened: and con- 
z. For theſe reaſons it may be eaſily concluded 
that there are two ſpecies of the phoſphoric quality: 
and if we give them their names from thoſe bodies 
in which they are moſt remarkable, we ſhould call 
one of them the phoſphoriſm of earthy bodies or 
lime-flone ; and the other the oleaginous or ſi = 
ne following in this reſpect the example 
of electricity, one ſpecies of which is for a like 
reaſon called wifreous, and the other re/inous. 
However, I have a ſuſpicion that both theſe phoſ- 
phoric qualities have one and the ſame principle, 
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purſue this train of ſpeculation, I might perhaps 
imagine that not only theſe forces, which in dif- 
ferent ſubſtances ſeem ſo various, but likewiſe 
others which appear full as different, might all be 
properly reſolved into one general and common 
principle; or that at leaſt there is ſome ſecret con- 
nection and agreement amongſt all of them. In 
this I ſhould imitate ſeveral philoſophers of the 
greateſt ſagacity, who have entertained ſuſpicions 
concerning a like connection of many properties 
that appear very different, founded upon reaſons not 
much ſtronger than mine. What, for inſtance, can 
have leſs connection with the electric power, or 
with - light, than dew? And yet there are philo- 
ſophers who have ſuppoſed, that becauſe, of all 
bodies, metals only cannot be made electric nor 
phoſphoric, nor can be wetted by nocturnal vapours 
of a ſerene air; that for theſe reaſons the three 
accidents, above named either have one common 
nature, or at leaſt ſome connection not yet diſ- 
covered. And why ſhould not this ſuſpicion appear 
probable to me, who have {een by experiment 
that metals cannot be made phoſphoric? But we 


which for that very reaſon has never yet beep 
wght of. And, indeed, I ſuſpect that the pre- 
; s flint, mentioned in the be- 

12 


reaſon 
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reaſon only: for who would imagine that by 
burning only, that ſtone might be made a phoſpho- 
rus, which bears the heat of the fire, ſo as to 
vitrify, rather than be turned into a true calx? 
And yet a ſtone of this ſort may be burned in 
the potters furnaces till it becomes white and 
brittle, . and ſo a good ** horus, as to catch the 
light very eagerly, and keep it for a long time. 
And that no one may be miſled by that . 
of brittleneſs and whitenels, it is proper to inform 
them, that this ſtone, fo burned, cannot be diſ- 
folved by liquids, or ated upon by corrodin 

liquors: by which it plainly appears, as was jult 
— faid, that it differs very much from the nature 
of a true calx. Therefore perhaps metals, by ſome 
eaſy proceſs which may at this time be hot un- 
Mey may have thoſe qualities which more 
laborious procefſcs have not yet produced. I have 
obſerved that the {#/? which is a cohcretion of cerus, 
diſſolved * ſpirit of vinegar, and is uſually called 
_ of ſugar of ſaturn; is a Weak phoſphorus, but 
a very vifible one : but for this purpoſe it maſt be 
kept dry, and not be ſo old as w have loſt it's 
tranſparency. To this claſd we muſt refer that 
orey ſubſtance Which is found ih ſtaiths farhaces, 
ant! is commonly called titty: THis Body is ufuafl) 
ranked amongſt metallie ſubſtances, and very pt» 
perly; for it ariſes from the vapour which many 
minerals and forhe metals throw out wem they 
are fuſed, Theſe vapouts flying u 8, there 
to iron rode fixed at the top of the furhaces: 
£ H 2 Covering 
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covering them with incruſtations of an aſh colour, 
and ſometimes of an azure colour: theſe incruſta- 
tions are like the barks of trees, ſmooth and hollow on 
the inſide, but on the outſide rough and granulated, 
and with a convex ſurface: ſo that by the form it 
is plainly, ſeen that they have grown to oblong 
and round bodies. The tutty therefore, when 
expoſed to the light, is a ſtrong, red, and lafting 
phoſphorus. But what is very wonderful, this 

uality is confined only to the convex part, which, 
as we ſaid before, is rough, and does not extend to 
the concave. part, which is ſmooth, or at leaſt not 
altogether unpoliſhed. I do not mention in this 
place other refuſe of metals, ſuch as the flowers, 
as they are called, and the calxes: which, though 
they . ſome phoſphoric appearances, yet it is 
uncertain whether theſe are to be aſcribed to the 
metallic parts, or to ſuch earthy and ſaline mix- 
tures, as theſe concretions are by every body ſup- 
poſed to contain. 3+ i b | 
54. I ſhall therefore for the preſent lay aſide all 
thoughts of making metals phoſphori, and ſhall 
apply myſelf to confider that property of the 
tutty which was juſt now mentioned, namely, 
that it's rough ſurface is a bright phoſphorus, 
whilſt the ſmooth and hollow ſurface is for the 
moſt part dark. This circumſtance would not be 
very material, if it did not fall in with other ob- 
ſervations ; but, where that happens, it is not 
ſafe to overlook any thing. I have ſeen ſome ſpe- 
cimens of marble that would not be phoſphori, or 
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at leaſt would throw off the light to the extremi- 
ties ſo long as they continued poliſhed ;- but, upon 
loſing the brightneſs of the poliſh, became good 
phoſphori. If therefore we may have leave to 
venture a conjecture, we may ſay, that ſurfaces are 
either phoſphoric or not, according to their diſpo- 
fion to reflect the light. And if this be the caſe 
with reſpect to refleion, why ſhould it not with 
reſpect to fraction alſo? the reaſon ſeems the 
ſame, but the queſtion muſt be determined by 
experiments: I intend to make many for this 
purpoſe ; but, as I have not at this time proper 
opportunity, I muſt content myſelf with relating 
one or two that ſeem relative to the preſent pur- 
poſe. I expoſed a glaſs bottle full of pump water 
to the light, and then removed it into the place 
of obſervation. I found it, as I expected, quite 
dark. I then put in a few drops of ail of tartar. 
The water immediately became turbid, and of a 
whitiſh colour ; for this is the nature of ſpring 
water which abounds with chalky earth. It was 
again brought into the place of obſervation. 
Appearances were then 9 for it exhibited. 
a pale light, ſufficient to diſtinguiſh the form of 
the bottle. Inſtead of the ſpring water was ſub- 
ſtituted rain water, wherein ſome lapis ſſ ris 
had been diſſolved: it is the property of this ſtone, 
that, being powdered and thrown into water, it 
diſſolves like falt, and does not hinder the tranſpa- 
rency of the water. When the water was: ſatu- 
rated with this powder, a quantity of oil sf tartar 

| _ was 
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was again put in, and the event of the experi- 
ment was the fame. Thus we ſee, that earthy 
corpuſcles, whilſt they continue very ſmall, diſſi- 
pated, and perfectly tranſparent, and whilſt their 
ſurfaces perfectly coincide with the water wherein 
they float, do eaſily receive the external light, and 
it as eaſily paſſes through them; they cannot 
therefore exhibit in the dark that light which they 
do not retain. But when the corpuſcles, by the 
infuſion of the ſalt, are driven together in 7h:icher 
maſſes, and are diſturbed by their mutual contact; 
in this caſe the light does not find ſo free a paſſage 
through them, but is obliged to ſtop. In the 
mean time, whilſt the light continues in the 
bodies, it remains viſible, provided there be no 
obſtruction. There are ſeveral circumſtances that 
may obſtruct, and amongſt theſe are colours and 
metallic mixtures ; for if, inſtead of oil of tartar, 
you throw in l ſaturn, you will find that the 
water is become turbid and milky, but not phoſ- 

Orcs -* - | EEE ny 
m What has been ſaid concerning the light, 
namely, that it appears, or does not appear, ac- 
cording as it is reſſected or refracted, has indeed 
yi appearance of truth : but we are prevent- 

from pronouncing the certainty of it with any 
confidence, becauſe it depends but apon a 
ew obſervations ; and there are many that ſeem 
to oppoſe it. Gems, cryſtals, and glaſs, alway 
remain dark, whether they continue whole, or be 
ground into the fineſt powder. Therefore, theſe 


bodies 
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bodies do not derive any phoſphoric quality, 
either from their tranſparency, or from their ex- 
treme whiteneſs : by 25 firſt of which properties, 
the light paſſes through them with 1 greateſt 
eaſe, and by the other they partly retain the light, 
and partly reflect it in all directions. In Fike 
manner ſome of the cleareſt diamonds are ſplendid 
phoſp hori, whilſt others of them are intirely dark, 
aſtly, a great number of opaque bodies, either 
rough, or poliſhed, or ground to powder, are 
phoſphori, or the contrary. Which makes it 
manifeſt, that the ſtructure of bodies, both ex- 
ternal and internal, does ſometimes aſſiſt their 
phoſphoric qualities, and ſometimes the 71. W | 
ut it has no certain and conſtant connection with 
the cauſe of their. phoſphoriſm. And if ever 
we might hope to diſcover this cauſe, the print 
ſeems to be the favourable opportunity. 
fince, by the induſtry of myſelf, and ma Wau, 
it has been found out, that mode all bodies 1 57 
ſeſs that power, which was herętofgre bel eren to 
be peculiar to one only, and afterward to a 
few : it may eaſily happen, that in ſo great: a 
number, and in ſuch a variety of f ſp 1 8 ſome 
one may diſcover that 6 Which has been 
17. 8 ik 1795 by a ſmaller n uber, af 
Fae r come to a ſolution Pf ih 
feet Which has kl often FOO in aur 
lemy, namely, by what means, | gon 
communicate her ſplendor to, p holpbor, I | 75 
not ſee what bounds can be {et | to Peg Fpeculations 
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of philoſophers concerning igt; for if we ſhould 
determine that the light paſſes from the luminous 
body into the phoſphori, which is the opinion of 
ſome; and which agrees with many forms of —_— 
fion uſed in this book, we ſhall, in this caſe, have 
ſomething new and wonderful with reſpe& to the 
light. It is an old cpinion, that light conſiſts 
of exceeding - ſmall and active corpuſcles, which 
are thrown off continually, every way, with a 
vibratory motion from the luminous body, and 
with the greateſt velocity: but to imagine that 
theſe corpuſcles are not preſently diſperſed and 
diſſolved by the agitation of their own motion: 
to imagine that they do not immediately vaniſh : 
and further, that they exiſt when out of the 
fources from whence they ſprung, and that for 
a conſiderable time: and moreover, that they ad- 
here to bodies, which they meet with in the 
manner of heat and odors : and, laſtly, that they 
repoſe themſelves in theſe bodies, in a manner 
inconſiſtent with their ſuppoſed activity: all theſe 
are new ideas; at leaſt, they are not perfectly 
underſtood, and certainly have not as yet been 


clearly explained. If we ſuppoſe. therefore, that 


the corpulcles of light are not diflolved immedi- 


ately upon their leaving the luminous body, but 


that they continue for a time, and that they are 
found in the greateſt numbers round about their 


ee ſource : what more can be required in 
order t 


o conſtitute that atmoſphere about every 
luminous body which has been aſcribed to the 
: : : * a ARC 4 4 F greateſt 
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greateſt luminary by aſtronomers and philoſo- 
phers? And if theſe atmoſpheres do in a great mea- 
ſure conſiſt of ght, we will not then have any fur- 
ther diſpute about them: for the diſputes in the 
laſt age, with reſpect to the ſun's light, namely, 
what was the cauſe of it, were very idle. For 
this would be quite as uſeleſs as to enquire what 
makes light ſhine. Thus much with reſpect to 
the light which proceeds from the luminous 
bodies. But, if we turn our thoughts to the 
bodies that imbibe it, is it not ſtrange, that this 
phoſphoric qualie ſhould be ſo common as to be 
reckoned amongſt their general properties? for 
who could imagine or , conceive what, and how 
far, and in what manner, theſe moſt ſubtile and 
active corpuſcles act upon the denſer: fabric of 
thoſe bodies which they penetrate; into which 
they inſinuate themſelves,” and wherein they are 
E But how OE 29 they r ned ? if 
we. conſult. our ſenſes, but a,,very little time ; 
but, if our ſight could diſcern; the very ſmalleſt 
particle of light, which perhaps ſome animals 
that ſee in the dark are 96 to = in that caſe I 
belicre we ſhould be of a different opinion. 
For as it is a common notion, and a yery probable 
one, that there is no body truly cold io it; may * 
be laid, with equal Waben no, "body: is 
entirely dark. But our. obſervations for. this put- 
ſe muſt be made in a place that never ſaw the 
ight; and conſequently on this earth, which 
alternately enjoys light and ſhade, no ſuch dark 
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place can be found. — But if n prog do not 
ſhine by a borrowed light, but by their own, and 
that their own light is produced only when put 
in motion, and lighted up by the rays of a lumi- 
nous body, which opinion is likewife confirmed 
by ſome experiments, we have then new doctrines 
never before thought of, and a great fand added 
to natural philoſophy. There will then be a cer- 
tain hidden and ſecret principle in bodies inflam- 
mable by this moſt ſubtile fire. We ſhall then 
diſcover in nature a perpetual fire, or at leaſt that 
bodies are very frequently taking fire upon being 
expoſed to the light. This motion will deferve 
a conſiderable rank, amongſt thoſe hitherto ima- 
gined by the philoſophers, to be ferviceable in 
exciting and reſtoring the forces of natural cauſes. 
There will likewiſe be a perpetual diffipation of 
the matter which is thus ſet on fire; and ſince 
this — ug without any ſenſible detriment to che 
ate burnt, Ghocls comprehend either 
the ſabtility of this matter, or the means of re- 
it, which are adapted to ſupport ſo conti - 
nual a waſte? But this is not a time to purſue 
this enquiry, or any of it's confequenees, even in 
N manner; for they require more diſ- 
uidtidn and thought than at prefent can be found. 
t is enough for me if my oblervutions, or {| 
lations, have opened the xx; to others who may 
foriue theſe great Pointe. 4 
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TT aballa happens, that in the inveſtigation of 
| new ee things at firſt paſs un- 
obſerved, which, when we proceed further, we are 
ſurprized have not been taken notice of. I am 
_ of the truth of this ae 

to my own enquiries, concerning - 
phoric: qualities of bodies. 155 h I uſd 
as great diligence as I thoug cle 


was obliged to leave many 
nens. did not e . e 
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to perfect. And yet theſe matters required no 
laborious proceſs, nor any ſingular degree of in- 
duſtry, but only an attention to ſome few things, and 
thoſe apparently of no great moment Moreover 
theſe circumſtances did not occur to me until I had 
publiſhed the former pirt of this work. They 
came into my mind ſpontaneouſly, at leaſt without 
any labour: inſomuch that I wondered, and took 
it hard, and indeed was almoſt angry with myſelf, 
when I reflected that I had not before turned my 
attention, which is generally ready enough upon 
thoſe ſubjects, to theſe reſources, which now 
appeared to be quite at hand, and obvious. 

2. Being prepared, therefore, by a more accurate 
method of obſerving, I once more applied myſelf to 
my former ſtudies, which I have continued for ſeveral 
months paſt, and to this day. For it has always 
been my opinion that philoſophical enquiries can 
ſeldom be neglected without a conſiderable loſs to 
the ſtudent, and never without ſome detriment to 
natural knowlege., For, as on the one hand, it is 
much eaſier to purſue a work already begun, than 
to take it up again when intermitted; ſo on the 
other it may be ſaid, that if the firſt undertaker of 
any ſtudy does not bring it to perfection, it will be 
long before: any other will take it up, which 
D * may hever happen. I hope therefore to 
be excuſed for returning to my phoſphor), after 
having left them for more than two years: 
the rather, becauſe this intermiffion has been com- 
penſated by the addition of an incredible * 


[ 69 ] 

of new phoſphori to thoſe mentioned in the former 
work. For I can now affirm, without arrogance, 
that by this induſtry of mine the dominion of 
light is extended to all known bodies with a very 
few exceptions. In the former part I declared 
this new and fingular property of light, or 
of the nature of bodies in general, with a 
great degree of doubt and caution; ſuch as was 
proper, conſidering that I then could propoſe. no 
more than a conjecture or an opinion. Which 
conjecture, though ſupported by a very great num- 
ber of bodies that were phoſphori, was yet made 
doubtful by a good nùmber of bodies being other- 
wiſe, But there is now no room for doubt, or 
fear, ſince we find, by repeated and clear obſer- 
vations, that theſe very bodies are in fact phoſphori. 
I ſhall now deliver theſe obſervations in proper 
order, and rather fully: ſo as to deſerve the con- 
fidence of my readers, and to open to others a 
ſafe and eaſy way to the ſame obſervations. _ 
3. Since therefore this diſcourſe relates only to 
thoſe phoſphori, which become ſuch by being 
expoſed to the light, the ſame rules that were 
laid down for this purpoſe, in the former work, 
muſt be obſerved now. For whatever was ſaid 
there related only to theſe kind of phoſphori, and 
the whole apparatus for obſeryation related to 
them only, &c. Ya 
4. Having diſcoyered the ſource of this miſtake, 
I found it neceſſary to alter my apparatus. There- 
fore I fixed to the upper margin of the window, 
1 5:30 | y two 
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two curtains of a thick black cloth : one on the 
infide, the other on the out: ſo broad as to ex- 
ceed the ſize of the window at leaſt fix fingers 
breadth, Hanging therefore downwards in a looſe 
manner, and ſticking pretty cloſe to the edges of 
the window, they effectually excluded the light. 
In the mean time, the obſerver lifting up the 
lower edges of the cartains a ſmall matter, was 
enabled, taking any ſubſtance in his hand, to hold 
it out in the light at arms length, and taking it 
in again to examine it. But, in doing this, he 
muſt; ſhut his eyes to prevent their being affected 
by the light. Drawing back his hand, and upon 
the curtains falling down, which two operations 
would take up -but a moment of time, and being 
ſecured from the light by the window being 
cloſed, he might immediately caſt his eyes upon 
the body, and judge of it's ſplendor or ob- 
ſcurity. . 

* 9B this manner I provided againſt the 
principal. inconveniencies that occurred in my 
tormer enquiries. But I found by experience, 
that there were ſome-other particulars to be ob- 

ſerved, the neglect of which would render any 
ju t concerning i- fallacious, 
if not impoſſible. And in the firſt place it muſt 
be obſerved, that the bodies ſhould be placed in 
the clearęſt hight. Now perhaps ſome people may 
think this a oats caution. For who will 
not imagine, that the bodies exhibit a light, 
bright in proportion to the brightneſs of the light 


imbibed ? 
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imbibed? And yet ſome will be of a different 
opinion; eſpecially thoſe who imagine, that ſome 
phoſphori ſhine brighter in a cloudy day than in 
a clear one, or even than when expoſed to the 
rays of the ſun. Nor is this notion deſtitute of 
probable reaſons. Upon which account I think 
it proper to declare, that I do not find that ob- 
ſervation to hold true with reſpect to my phoſ- 
phori, although it may be true with regard to the 
Bologna ſtone, which is the, principal ſubje& to 
which that obſervation 1s. applied. And if we 
admit that theſe bodies differ in their phoſphoric 
quality from that ſtone, ſuch difference may be 
properly aſcribed to their being of a different na- 
ture. Our phoſphori are naturally ſuch, whereas 
the Bologna fone, and other ſubſtances of a like 
nature, derive that quality from art, and the ap- 
plication of violent heat. As to theſe natural 
pboſpbori, I could never find that the /ight of the 
fun was at all prejudicial to them. 80 fat from 
it, that many of them are of a nature ſo difficult; 
as to perceive, the leaſt differences in the light of 
the ſun; and will not ſhine, unleſs they be ex- 
poſed to a light quite clear from every degree of 
vapour. There ave likewiſe ſeveral. that will 
not — wg — — but 
continue dark until . they-are/expoſed'to! 

of the ſun: collected by a lens. 599 Nu 71 I 
6. It is material not tb. conſider in what 
light the bodies muſt be placed, hut likewiſe in 
what ſituation. For there are 
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better in the ſame light when placed in one poſi- 
tion than when in another. But it is difficult to 
lay down any certain and general rnle in this mat- 
ter; becauſe the ſurface and the figure of the body, 
and the different nature of the component parts, 
and perhaps many other circumſtances, may make 
conſiderable differences. It is difficult to foreſee 
theſe conſequences ſeparately; but to provide 
againſt all of them together is quite impoſſible. 
In general, however, that poſition 'is the beſt 
wherein the greateſt quantity of light is tranſ- 
mitted from the luminous body to the phoſphorus; 
More light will fall upon a rough ſurface than 
upon a poliſhed one; for, according to the laws 
of optics, the latter will reflect a great part of 
the approaching light before it touches the body. 
Likewiſe, if the ſurface be uneven by hollows and 
riſings, care muſt be taken, as far as poſſible, 
that every part be equally enlightened. For it 
often happens that the riſings project a ſhade upon 
the lower parts, ſo as great part of the body will 
remain dark, even when expoſed to the cleareſt 
light. For which reaſon, in theſe circumſtances, 
the whole body will be in appearance dark, 
eſpecially if it be a weak phoſphorus. For a 
faint light, if it be broken and diſperſed, will 
ſcarcely ſtrike the obſerver's eye, and will rather 
exhibit an a of darkneſs than of light. 
It likewiſe often happens, that experiments are 
made upon ſubſtances, whoſe parts differ very 
much from each other in nature and qualities: 
110 : In 
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in which caſe it is evident, that the moſt phoſ- 
phoric parts ſhould be turned to the light ; that 
is, the white rather than the dark, the dry rather 
than the wet, and the opaque rather than the 
tranſparent : but becauſe it ſometimes happens, 
that theſe differences are not known at the time 
of making the experiment, it will be proper to 
keep changing the body, during the experiment, 
into different fituations, in order to diſcover the 
moſt phoſphoric part of it. This rule is fre- 
quently uſeful with reſpe& even to bodies that 
ſeem to be of an uniform nature: I experienced 
this in a drinking glaſs of a conical figure, which 
was expoſed to the light, in ſuch a manner, as to 
have it's axis parallel to the horizon, and in that 
ſituation exhibited a tract of light, which was 
likewiſe parallel to the horizon; though in every 
other poſition the glaſs remained quite dark. _ 

7. It is proper likewiſe, that the obſerver ſhould 
be very exact in turning the enlightened parts to 
his eye, and not the dark ones. It may ſeem 
very eaſy to be exact in this point, but in expe- 
rience it will be found much otherwiſe : for the 
hands, which in our uſual motions are directed 
by the fight, when they are deprived of that aſ- 
ſiſtance in this great darkneſs, are very often de- 
ceived. JE. 3 

8. But there are other accidents whereby the 
fituation of the body is ſo far changed, that the 
enlightened a are not expoſed to the obſerver's 
eye. This happens with reſpect to bodies that 
R K 


are 
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are broken into ſmall pieces, or powdered. Theſe 
cannot be brought into the place of obſervation, 
eſpecially if a quick motion is uſed, without bein 
ſhaked. In which caſe it happens, that the faces 
of many particles afe turned round, and there is 
a confuſion 39 36: them : ſo that the enlighten- 
ed particles loſe all their ſplendor, being covered 
by the dark ones. For the ſame reaſon it is very 
difficult to make experiments upon liquids, Theſe 
muſt be confined ſo as to prevent them from 
flowing as much as poſſible. This may be done 
by putting them in bottles of the cleareſt glaſs, 
which being quite filled, will keep the liquor 
from being i en or agitated. The light, which 
paſſes through the glaſs, will be ſufficient to ex- 
cite the phoſphoric quality in the liquid, pro- 
vided the glaſs be clear and thin : and when the 
light is once imbibed by the liquor, enough of it 
will remain for obſervation, as there will be no 
motion of the parts. Powders muſt be placed in 
very open veſſels, and then compreſſed in ſuch a 
manner as to make the particles cohere, By this 
means they will preſerve that poſition wherein 
they received the light, and will exhibit the ſame 
light entire to the obſerver. | | 
9. Laſtly, it muſt be obſerved, that it is better 
to make experiments upon large bodies than upon 
ſmall ones : and if the light be faint, it is abſo- 
lutely neceſſary that the body ſhould be large. For 
it 18 plain, that a faint light, when diffuſed over 
a large ſurface, may ſtrike, the eye, but _ ſo 
when 
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when the ſurface is ſmall. Therefore where there 
can be a choice, it is always beſt to prefer large 
maſſes, And in feveral experiments where I have 
not been able to find any light at all upon ſmall 
pieces of bodies, I have yet found that larger 
pieces were ſtrong phoſphori. 
- To. But we have not always an opportunity 
of trying large bodies, cither becauſe there are 
no large ones of the kind, as in the caſe of gems, 
or becaufe large ones are not to be procured. 
We muſt in that cafe procure that magnitude 
by artificial means which nature or unity 
have denied: either by faſtening together _ 
minute corpuſcles of the fame body, and di 
them in as large a ſurface as poſſible, upon 
a ſtand of black wax; or, if we cannot procure 
a number, we muſt powder ſach as we have very 
fine, and ſtrew the duſt upon a like ftand. By 
this means I have obſerved the phoſphoric power 
of ſome exceediog fmall gems, which, when 
viewed ſeparately, 1 dark: and I have no 
doubt, but that thoſe diamonds, in which no light 
has yet been diſcovered, would become phoſphort, 
if treated in that manner. | 6.0 571 

11. And theſe are the chief points which muſt 
be attended to by fuch as chufe to repeat thefe 
experiments; in relating of which, though I may 
have been ſomewyhat long, yet ] have ſaid nothing 
ſuperſſuous, unleſs ar accurate iption of the 


means for conducting phi real en- 
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quiries ſhould be called ſuperfluous. For ignorance 
of the particulars juſt now related has concealed 
even to this time theſe extraordinary phoſphoric 
appearances, not only from very ſagacious obſervers, 
but - almoſt from myſelf, who not only ſuſpected 
the truth, but was labouring this particular point 
with the- cloſeſt attention. - And in truth a vaſt 
number of bodies have been pronounced by me 
to be dark, which by this more accurate proceed- 
ing I have found to be phoſphoric. And now 
I ſhall proceed to enumerate theſe bodies : in which 
undertaking I hope not to be again accuſed of 
ſuperfluity, as if this particular enumeration could 
give no light to the general aſſertion in the begin- 
ning of this paper: namely, that a// bodies, except 
a very few, were phoſphori. For although this 
quality be common to all bodies, yet each kind of 
body has ſome fingularity in this reſpect, which is 
worthy of notice. And the obſervation of theſe 
ſingularities | gives a probability to the general 
aſſertion. 

12. In this new catalogue we ſhall follow the 
ſame order that was obſerved in the former work, 
and ſhall divide our new phoſphori into three 
claſſes, of foffils, vegetables, and animals. In that 
work we gave the firſt rank amongſt the foſſils to 
earths, of which we ſaid, that a great many were 
phoſphoric, but that ſome were dark. It was 
obſerved too, that h no certain criterion of 
their ſplendor, or their darkneſs, could be derived 
from their qualities, eſpecially from their colour, 

yet 
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yet I added, that of all colours, white, and the 
colours approaching to .it, were the moſt phoſ- 
phoric. But now, fince my late obſervations, 1 
affirm that all earths are, phoſphoric, without ex- 
cepting even the black or the red. For I have ſeen 
undoubted phoſphoric appearances, though faint 
ones, in thoſe black earths uſed by our painters: 
eſpecially at the edges 4 angles, which laſt is a 
circumſtance common to many bodies. The 
vicetina fullonta, which was mentioned in the 
former work, afforded a brighter appearance, 
though it's light was far from being proportionable 
to it's whiteneſs: ſo that it is — — that in 
iving inſtances of white bodies that were not 
phoſphori, I ſhould in the former work mention 
this ſubſtance. For even at this time I was very 
near apo ra * yelloẽw earth, which our 
pany the Campania Romana, to be 
— in : ſo obſtinate' was ＋* in refuſing even 
the ſun's licht. But at laſt it exhibited phoſphoric 
appearances, upon _— the ſun's fp en N 


a lens. 
13. Wich reſpect to ſands, which 1 placed next 


to the earths, I have ſcarce any thing to add to the 
former obſervations. - For I aſeribed to moſt of 
them theſe qualities, provided the colour did not 
obſtruct. 'I aſſerted in the former work, that the 
ocre which adheres to the yellow ſands, that are 
found in the hills near this city, hinder their phoſ- 
— — but I now find that theſe 


ö be 
ſands are phoſphori, . 
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waſhed. off. I was 9 miſtaken in aſſerting 
that thoſe ſpangles of a golden colour, and which 
partake of the nature of talcs, and which are 
mixed with the ſame ſand, were dark: for ] find 
them to be phoſphori. if 
14. Amongſt the larger Rones, marbles deſerve 
the principal place, ſince no ſtones are larger; and 
befides, marbles exceed all, in their poliſh and 
brightneſs. They likewiſe excel as phoſphori. 
The fofter and the whiter marbles ſhine the moſt. 
But the hard and the dark ones are not entirely 
dark, though I formerly doubted upon this paint. 
I find that porphyry, ophites, and granate, become 
phoſphan by the ſun's light, but more ſo by 
the application of a lens: though in the former 
work I mentioned theſe as uncertain. Befides the 
baſaltics, a kind of Mtbiopiap marble, which in 
hardneſs and colour reſembles iron, may be made to 
bine by means of a lena. To thele may be added 
a kind of Egyptian green: marble, and likewiſc 
the antique green marble, together with the 
oriental green marble, called della ſtella: thoug 


they gave 
a very doubtful light, and that at. the edges only. 
15. In the former part we diſtributed the ones 
of ſmall bulk into their genera, and deſcribed: one 
them as being not hard as marble, 
ing harder 
the. firſt 


1 
diviſion, namely, that which comprehends the 
ſtones which are altogether deſtitute of any regular 
form. In the ſecond diviſion we place thoſe ſtones 
which contained a certain regular internal forma- 
tion with an irtegular outſide t and gave for 
inſtances the amiantus, ſeveral ſpecies of talc, and 
a certain ætites, fromm Nani : all theſe badies were 
there called obſcure, ' But later obſervations have 
diſcovered a manifeſt light, not only in theſe but 
in others of the ſame claſs: eſpecially in a certain 
very hard orſentul ætites, and even in the paper 
made from the amiantus. The laſt claſs, con- 
fiſting of ſmall and ſoft ſtones, having regular 
formations; both internal and external, I; at that 
time, conſidered as abounding with phoſphori. 
But having then of certain ſpeckled and 
ſtarlike (ſtones) rather doubtfully, I take this 
opportunity of declating them to be very manifeſt 
phoſphori. ' Ea} C0506 | 

156. Next follow ſuch ſtones as are harder than 
marble : I found few of theſe that, upon the firſt 
trial, would ſhine in the datk : certainly much 
fewer than their brilliancy, when expoſed to the 
day-light, ſeems to promiſe; But upon farther 
trial I found that they were all phoſphori j and 
would ſhine if propetly affiſted, The aſſiſtance 
of a burning-glaſs was found the moſt ceftain 


and efficacious ; but ſeveral, eſpecially ſuch” as 
conſiſted of minute corpuſcles, required to have 
many fragments of the fame” body joined toge- 
ther: or to have their powder, or ſmall duſt, 

| ſpread 
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read upon black wax, fo as to make a large ſur- 
= in De manner —— eve BY, map 
former work I divided this kind of flones into 
the opaque, the tranſparent, and thoſe of a mid- 
dle nature: and going through all theſe diviſions, 
I, at that time, of the opaque ſtones, admitted 
only the lapis lazuli into the 1 number of phoſphori, 
excluding all the reſt, and particularly the whole 
family of jaſpers, and the malachites. But I now 
find, that all theſe ſtones are phoſphori. For 
the malachites, and likewiſe the lapis nephriticus, 
are manifeſt phoſphori: and that jaſpers, whe- 
ther they be red, or of a dark green, or be 
mixed with many different colours, ſhine when 
expoſed to the lens; and many of them by the 
light only of the ſun, eſpecially ſuch of them as 
are ſtreaked with white veins. 2415474 
17. In the other claſs of precious ſtones, name- 
ly, that between the opaque and the tranſparent 
ones, upon examining one hundred agates, I found 
only one which could not be made to ſhine by 
the lens. This ſtone was of many dark colours, 
fo that I aſcribed it's obſcurity rather to the co- 
lour, than to the nature of the ſtone. Moreover, 
I examined in this claſs opals, onyxes, and carn- 
coli, which I had omitted in the former trials : 
and found them all to ſhine by the ſimple light of 
the ſun. | 
18. The laſt claſs containing cryſtals, and all 
the tranſparent gems, was much more favourable 
to theſe experiments than I expected. They had 
3 | formerly 
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formerly withſtood many attempts of Du Fay, 
and of my own, though I have been generally 
pretty lucky upon ſuch. occaſions. . But I accom- 
pliſhed in theſe laſt —— what I could not 
in the firſt. Many of the cryſtals ſhone by the 
ſun's rays only, and ſome of the more difficult 
ſhone by means of a lens. But all of them were 
made to ſhine; by means of the day-light only, 
after they had undergone an eaſy proceſs. I rub- 
bed off ſome very — and white powder, by 
ſtriking them one againſt another. This pow- 
der they rub upon each other, eſpecially in 
thoſe places that are rough and unpoliſhed. In 
conſequence of this, the cryſtals become phoſ- 
phori in the places ſo rubbed. The ſame proceſs 
ſucceeded. likewiſe with glaſs, by which means 
this ſubſtance, which before was thought obſcure, 
became phoſphoric. With reſpe& to gems, they 
all ſhine. when expoſed to the lens, except a very 
few. The eaſieſt of all are the emeralds, many of 
which ſhine by the ſimple light of the ſun. 
After the emeralds come the ſapphires, eſpecially 
thoſe of the, whiter kind: the cryſolites are almoſt 
as good as theſe: then follow the amethiſts and 
topazes; next the rubies, eſpecially the paler 
ones ; and laſtly the granates and hyacinths. The 
laſt mentioned would ſcarce ſhine. at all when 
examined ſeparately, but were much eaſier when 
taken in numbers; but in all ſituations they are 
the moſt difficult of gems ; inſomuch, that hav- 
ing taken ſome granates of a fine. colour, high 


poliſh 
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poliſh,” and great fize, together with a certain 
gem of the hardneſs and colour of a ruby, and 
likewiſe two beautiful hyacinths; I could not 
make any of theſe bodies ſhine when examined 
ſeparately. But I aſcribe this, and I think juſtly, 
to the nature of the colour; for J have found, by 
a good many obſervations, that red, amongſt 
other colours, is very * to all rr 
appearances. 

19. After the gems, I conſidered metals, fol- 
lowing that diviſion which Woodward had for- 
merly made amongſt the foffils. Du Fay for- 
merly tried many experiments upon metals, and- 
I-have made not a few. Indeed I have never de- 
ſiſted from trying every means I could deviſe to 
make them phoſphoric, but never with ſucceſs, 
It is ſurely a hard and ſtubborn kind of body, 
ſince it rejects light and electricity, and even dew. 
Theſe metals — that ſmall number of bo- 
dies which appear to me to be the only ones in na- 
ture that are not phoſphori. For the darkneſs of 
all others may be properly aſcribed to ſome acci- 
dental and foreign cauſe, and not to their nature. 
But in metals there is no ſuch cauſe yet diſcovered, 
to which we can attribute their darkneſs. 

20. Whatever has any affinity ta metals, I for- 
thought, — of the ſame obſcurity: 
and 1 find this obſervation true with reſpect to 
cinnabar, zink, and mundick ; but it does not hold 
with reſpect to the lapis calaminaris, which I now 


_ to be phoſphori, as are . ſome other 
foſſils 
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foſſils of the ſame kind. For inſtance, I find 
that ſome loadſtones exhibit a very faint light, 
which is diffuſed through their whole ſubſtance : 
and likewiſe, ' that a certain mineral iron exhibits 
a ſcattered light. Magnetia is a phoſphorus: ſo 
is the ſmiris, the bloodſtone, and the armenus, 
eſpecially with a lens : I had another ſtone of the 
colour and weight of iron, which appeared phoſ- 
phoric by the light of the ſun only, at the fides 
which were uneven. Therefore theſe bodies, 
and a good others which are not named 
here, though they have a mixture of metal in 
them, and though their colour is black or dark, 
yet they are found to exhibit a light, which, 
though very weak, may yet be perceived by a very 

21. Following Woodward's method, e 
to earthy juices the laſt place in the claſs of foſ- 
fils : and, ſtill following the ſame author, I di- 
vided them into ſalt juices and fat ones; and ad- 
mitted almoſt all ſalts into the number of phoſ- 
phori; excluding thoſe only, which had. ſome 
mixture of — 2 them: to which I was in- 
duced principally by an experiment made upon 
vitriol. For I found, that every kind of vitriol, 
however tranſparent, was always dark; but af - 
ter wards, upon repeating the experiment more 
accurately, I diſcovered ſome traces of a faint 
light upon a cryſtalline lump of this fort. This 
light was more diffuſed, but fill as faint, in ſome 
vitriol, that was powdered and preſſed. down upon 
2 L 2 | a plain 
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a plain ſurface: but the light was pretty conſi- 
derable in that white calx into which vitriol is 
reduced, when expoſed to a hot ſun. By the 
application of a lens, the light, which appeared 
in the powdered vitriol weak, and almoſt uncer- 
tain, was made quite manifeſt, and clear of doubt; 
and, by means of the lens, the light in the vitrio- 
lous calx was increaſed three-fold. 

22. In the former work I was very much 
miſtaken in regard to the fat juices: for I did 
not admit one of them to be phoſphori: but at 
preſent I ſhall do them more juſtice. I have 
found, that at leaſt amber, and likewiſe ſulphur, 
as well native as fuſed, are phoſphori. But jet 
and pit-coal are not. But theſe bodies are fo 
black as to caſt a darkneſs upon the brighteſt 
body : and therefore it is not to be wondered at, 
that in the greateſt light they have no luminous 
appearance. c 

23. Thus far of foſſils. We ſhall now ſpeak of 
vegetables. In my firſt experiments I imagined 
that plants were the leaſt phoſphoric of bodies : 
not that they were without this property, but that 
it wanted the proper force and vigour : inaſmuch 
as it was oppreſſed and overcome by being con- 
nected with ſome principle that was oppoſite to 
phoſphoriſm. And it was eaſy for me to frame 
a conjecture as to this principle, from the experi- 
ments which I made upon the wood and fibres, 
whereof all plants conſiſt ; as well as upon artificial 
phoſphori, which are in a great meaſure made 15 
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of vegetables. For wood and fibres being of a 
drier compoſition than other parts of plants, are 
therefore more phoſphoric: the whole preparation 
of ſuch phoſphori conſiſting only in drying them 
properly: from whence it was eaſy to conceive 
that plants have an innate phoſphoric quality, 
which is oppreſſed by the redundancy of moiſture 
wherewith they abound ; and which quality would 
exert itſelf upon the moiſture being removed. 
But I am not fond of conjectures, though expe- 
riments almoſt oblige me to give way to them: 
and, I muſt ſay, that I can find nothing in plants 
which may not be made phoſphoric, provided all 
the humidity be exhaled. In moſt plants nothing 
more is required than to be dried in the wind: 
others will not ſhine unleſs they be firſt heated. 
In this number are ſome plants of the bull-ruſh 
kind, and amongſt theſe the tipha. But they all 
have their ſplendor improved by the application of 
fire, ſo that it be very moderate, and not to mark 
them. I could find but one plant which would 
not ſhine, even when fire was applied, and that is 
the red beet. 1 
24. But this quality is not ſo entirely ſubdued by 
humidity as not to exert itſelf in ſome _ meaſure, 
even in * that are in full verdure, and full of 
juice. Moſt of them will ſhine by a very clear 
ſun · nine: but the obſerver muſt be prepared in 
the manner mentioned in the former part of this 
diſcourſe. In that ſituation he will find that almoſt 
all roots ſhine, provided the colour does not ob- 
| ſtruc. 
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Rruct. But the tincipal fplendor will be in the 
ſkin; for the middle will appear dark if it confiſts 
of a foftiſh pulp, But it will ſhine if the juice 
be ſqueezed out. Stalks and barks follow partly 
the nature of the wood, and partly the nature of 
the boughs, according as their texture inclines to 
one more than the other. But leaves for the moſt 
part become ſplendid by the ſan-fhme. And of 
all leaves fach as are greyiſh, hairy, and of a 
dryiſh nature, ate the moſt phoſphoric : and ſo is 
that fide of the leaf that is next the ground. If 
theſe bodies do not ſhine id: the ſun's rays, 2 
always will by a lens: which is likewife of gre 
{ſervice in ne th flowers ſhine: for many of theſe, 
although their colour be not very dark, are yet 
more hard to make ſhine even than leaves. Fruits 
that are even ſoft and juicy are a very diffi- 
—_ but dried ones are och. an 
The kernels of fruit, thoug h not dried, and 
| leſs when roaſted, are — * 
Theſe methods do indeed improve cle ight, but 
they will ſhine without chem. In this particular 
I have changed my opinion very much; for 1 for- 
merly thought that not only fruit and kernels, but 
that meal and the whiteſt ſtarch, and almoſt all 
ſeeds, were not naturally pboſphori: but would 
decotne ſbch artificially, that is, by moderate 
roaſti But as I had ot then my preſent accu- 
ey of obſeryativn, and did not know the effect 
of. a hurmid air in defttoying theſe powers, I hope 
"00 — will appear pardonable. Things re 
pear 
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peared to me quite different, when I returned to 
theſe obſervations this laſt time, which was in hot 
weather, a clear ſky, and a dry air: all which 
circumſtances were entirely different from thoſe that 
attended the firſt experiments. Therefore I now 
ſay, that nuts of all kinds, grains of wheat, pulſes, 
and in particular peaſe and 7ares, ſhine very brightly 
without any preparation; the two laſt mentioned 
are brighter than moſt other phoſphori. 

26. I found that moſt vegetable juices. were 

ſtrong. — — and that all Chong a ling. 
formerly reckoned ſugar as à principal ſalt. 
Manna and honey are juſt as much inferior to ſygar 
in brightneſs as they are in drineſs. Honey ſcarce 
ſhines at all, unleſs it may be made hard, in ſome 
meaſure by cold, and ſo as to exhibit the ap- 
pearance of grains. Gums, it which the whats. 

genus of vegetable juices, that are not already 
mentioned, conſiſt, are very good phoſphori. Gum 6 
arabic, and likewiſe ſome drops of plum- tree gum, 
appeared very ſplendid: o l the tragacanth, 
provided it's texture be not Jooſened by Dbumditys 
and, if it is, it muſt be dried. | 
27. The laſt genus, Which is that of the e 
1 8 phoric, though not in ſo great a de- 
— two All refinpus diſtillations 

| —— thoſe that are clear, white, and 
rage rg 9 ſphori ; and the worſt, are 
thoſe of an nature. The reſin called 
benzoe could hardly be moved to ſhine by the lens: 
the ſame was abſerved of the turpentine. ot. 
} 18 
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This laſt would not ſhine whilſt in a liquid form; 
but ſhone a very little when hardened by cold. 

28. We muſt reckon oils amongſt the fat juices. 
And if experiments made upon two forts of oil 
will warrant us to conjecture as to other ſorts, we 
may fay- that oils, whether they be preſſed from 
fruits, kernels, or ſeeds, or be diſtilled by a chy- 
mical fire, do all of them exhibit phoſphoric 
appearances. -'One of theſe oils was oil preſſed 
from ' olives: the other was diſtilled from anniſeed. 
Both of them ſhone by the ſun's rays only, but 
not till they were froze. From whence it might 

afily be ſuſpected that other-oils would likewiſe 
ſhine in the ſame circumſtance. 

29. At length we ſhall turn our diſcourſe to 
animals; It was ſaid in the former part that animals 
were as good phoſphori as foſſils or vegetables: 
but that this quality was confined to thoſe parts 
of animals which confiſted entirely of an earthy 
principle, hardened into ſolidity. And that in other 

res it was by the mixture of fat extinguiſhed, or 
_ atleaſt greatly weakened. But I find by my preſent 
experiments, that although this power be weakened - 
by the oleaginous principle, yet it is not entirely 
extinguiſhed. ' For which reaſon thoſe parts of 
bodies which I have formerly called dark, are to 
be reckoned only as leſs ſplendid and not dark. 
By which means, whatever diſagreement may ap- 

ar between the former obſervations and the pre- 
ſent; will be eafily reconciled. All parts of animals, 
therefore; do admit the light. Some with eaſe, 

2 1 others 
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others with difficulty. Of the former ſort are ſuch 

rts as ſeem to grow out of bodies: as borns, 

fs, and hairs of quadrupeds; the feathers, 
beaks, and talons of birds: but the ſcales of fiſh, 
are faint phoſphori: though the ſhells of certain 
ſhell-fiſh are bright ones, as was obſerved before. 
I formerly imagined that the ſolenes, and the fins 
of fiſh, and the unguis odoratus, did not ſhine : 
but they are phoſphori, though faint ones. The 
hoof of an elk will ſhine, if the rays paſs through 
a lens, and fall upon the brighteſt parts of it. 

30. Upon taking off the hairs and feathers of 
land-animals, and birds, the epidermis is obſerved 
to be phoſphoric. The hides of quadrupeds; as 
well raw as dreſt, and even though they be of 
2 colours, are phoſphori. 80 is the ſkin of 
birds, eſpecially in thoſe places that have 
leaſt fat, or are lifted up by the bones: for in 
thoſe places the ſkin is moſt lean. For it is a 
. rule, that all membranous and nervous 
parts, or rather whatever approaches to that glu- 
tinous nature, wherewith theſe animals, w 
living, abound, is very favourable to phoſphoric 
appearances. Inſtances may be given in teeth, 
wones, and horns, that are boiled up and reduced 
into the form of ice : likewiſe in cakes of port 
able meat : alſo in the concretion formed by 
the cerum of the blood, upon evaporating the 
aqueous part: and, laſtly, h and 
lowiſh coat that grows 
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vers; for all theſe bodies, without the application 
of fire, are pretty ſtrong phoſphori. Though it 
is true, that this quality is improved by fire, yet 
it exiſts without it. It I had known this when 
I recommended: the roaſting of theſe ſubſtances, 
I ſhould certainly have mentioned it, leaſt it might 
have been imagined, that becauſe I propoſed arti- 
ficial means, that therefore theſe bodies were not 
naturally phoſphori. | 
31. The fleſh of animals ſeems to be the leaſt 
3 of all their parts. For which reaſon, 

my firſt paper, I did not reckon any of them 
phoſphori, except white meats and thoſe roaſted. 
For I doubted ſo much with reſpect to brown 
meats, which colour I knew to be oppoſite to 
phoſpboriſm, that I paid no attention to, them. 
And if I had obſerved them, as my apparatus was 
then ſo imperfe&, I believe I could, have made 
nothing of them: ſo languid and tranſient is even 
that light which they receiye from the ſtrongeſt 
ſun- beams. It is otherwiſe: ag -40;bones. But in 
this reſpect I have nothing to add to Nhat was 
before written, It is Dow ſhewn, that all the 
ſdllidi patts of animals are ꝓhoſphari. And if any 
'of them ſhine with difficulty, this may be lei- 
ned by drying ithetmm ꝓtuperly, 2 was before ab- 
#rved:of! vegetables. 
8 al. Is 9 — 
imagine chat they are all ric; ſinee dy have 
at length diſcovered that milk and fat are , 
though I had formerly beemof opinion, that milk 
2161 17 Was 
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was. obſcure, at leaſt ſo long as it continued fluid: 
and that fat extinguiſhed the N valities 

| 3 bodies, or at leaſt weakened th 09 0 oever 
chuſes to try experiments upon milk, muſt make 
uſe of th 4 3 before laid d down with r ” 
ſpect to experiments, 8. „ hel in general: 14 
with reſpect to. animal f i Nu . myſelf 
Rep Ya We ek J oa nl 4 — egeta- 
4 OUS tis ta 5 ey. m ar y 
the cold: for if, * N the 7550 
their ſplendor will be entirely loft. 
33. Having faund, by + t 1. 
tions and many others, Which, to api 
J. have not mentioned, that, this p 


lity was ſo widely, diffuſed amongſt . a 

began ta conſider, Mhether. 9 

endued with tha een 8 

different parts of. <P? ones. 

= reaſon, why,,pature 9 
de benen bodies, ſceing that ;ſhe, 


owed it. upon ſuch. as (wanted ſenſe, apd Ife. 
wi ey and en mo Was. * 
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gig 07 ef Es 
d. fabſtituted the; double 1 in 
. the place of. alaympauhm, „ag 
mentioned. By, means af, this coptrixance.. 
n . Haden wy -aaked jþap 2 
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arm, and to bring it back into the place of ob- 
ſervation at pleaſure. It will be eaſily underſtood, 
that, in the common courſe of my experiments, 
I muſt have ſeen any ſplendor that might happen 
to remain upon my hand. - | 

34. And in truth, when I firſt began to uſe 
my new apparatus, I ſaw, to my apprehenſion, 
ſome faint traces of light upon my fingers, eſpe- 
- cially at the fides and ends. I was pleaſed 
with the novelty of the appearance, but not fo 
entirely poſſeſſed with it as to give immediate 
credit to my ſenſes. For which reaſon I care- 
fully repeated the experiment, by expoſing ſome- 
times one part of my hand, and ſometimes ano- 
ther, to the light, by obſerving it in the dark 
with the utmoſt care, in order to diſcover whe- 
ther the light would follow the various bendin 
of my fingers, or the ſhaking of the whole == 
by a conſtant adheſion to the ſame parts: in ſhort 
by 2 together, with the utmoſt exact- 
neſs, the of all my obſervations, this di- 
ligence was very fucceſsful, and I found my firſt 
conjecture confirmed. ver x 
35. But although the exiſtence of this light 
was quite certain, yet I found myſelf involved in 
aà new queſtion ; namely, whether the light re- 
fided in the ſkin, or in ſome ſubſtance upon the 
ſkin ; for I well knew that bodies which were of 
themſelves dark, will - become phoſphori upon 
being rubbed with a very ſmall quantity of duſt; 
and will -return -to their original darkneſs, ms 
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the duſt being wiped off. And I well remember 
that I had been very near determining, that ſome 
metallic maſſes were phoſphori, when I was miſ- 
led by ſuch an appearance. I knew too that the 
hands very eaſily contract dirt, by handling bo- 
dies. And although the ſkin be not made foul 
by foreign ſubſtances, yet it has in it's own tex- 
ture, even in the niceſt perſon, a principle, by 
which it acquires filth. For it naturally becomes 
greaſy, by the perpetual effuſion of certain fat 
matter which ſometimes become dry, and aſſumes 
the form of ſcurf; which laſt ſubſtance. I had 
before found to be phoſphoric. This made me 
ſuſpe&, that this fat ſubſtance might ſhine when 
it lay upon the ſkin in a ſebatious form, 228 

it was imperceptible to the ſight; and 
quently, that, if the human ſkin does ſhine, it 
is not by it's own light, but by that of another 
ſubſtance. This ſuſpicion was ſtrengthened by the 
entire extinction of the light, as often as the fin- 
gers, or the whole hand, were dipped in warm 
water; and, on the other ſide, this ſuſpicion 
was leſſened by confidering the exquiſite cleanneſs 
of the hand before ſuch waſhing ; and confider- 
ing further, that this ſplendor was ſo vivid, and 
ſo widely diffuſed, that it. ſeemed impoſſible to 
aſcribe it to ſo minute a quantity of dirt as was 
imperceptible to the fight. e 
36. When I was in this uncertainty,. and in 
great doubt, occaſioned by the arguments I have 
juſt now mentioned, it happened about the 4 
e 
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dle of December laſt year, that my hand was 
obſerved to ſhine with an unuſual . Al- 
though, in the judgment of another obſerver, 
who was preſent, it appeared to be all over as 
clean as poſſible. I waſhed it ſeveral times; I 
wiped i it, and expoſcd it again to the ſun ; and found 
it not at all, or a very little, impaired in it's bright- 
neſs, which it retained even when wet. Both wet 
and dry it was often expoſed to the lens; on the 
back; on the hollow, which laſt had generally 
ap dark; on the ball of the thumb; and, 
laſtly, on the tops of the fingers. All thoſe places 
— very much, eſpecially the tops of the fin- 
„and of the thumb in particular: and it was 
| |Sbſetved, that the tops of the fingers, and ſome 
other parts of the hand, ſhone > brighter for being 
'ip cloſe. ' From which it was inferred, that 
the differences of the light, mentioned before, 
follow the different ſtates of the kin, and do not 
depend upon the accretion of any foreign ſub- 
ſtance: and certainly ſumetimes the whole light 
Was extinguiſhed by the ſimple immerſion of the 
hand in warm water; which was ſo flight that it 
cbüld only ſoften the band. but not waſh off any 
dirt that might be upon it; àndiu on many occa- 
ions it has — obſerved, that ſoftneſs is oppoſite 
to the phoſphoric quality, and that drineſs is 
favourable to it. 
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ſerved only to increaſe and confirm. For in the 
beginning of this laſt January I returned to theſe 
experiments, and obſerved, that my whole hand, 
and the ſurface of my arm, were brighter than 
they had ever been before. For the laces that 
had ſhone before were now brig ter; and 
ſuch places as had been dark, now 'exhibited 4 
confiderable light. No external cauſe could be 
over he hand and arm were rfealy 
clean he cauſe er muſt be in t e fig. 
* 1 0 the the mo | ent 'cop wile c erke 5 
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becomes rough, hard, pallid, and lean, in 
froſty weather ; and it is as well known, — 
bodies with theſe qualities are diſpeſed to be 
phoſphoric. And thus this doubt was cleared, 
and the human ſkin proved upon good grounds 
to be phoſ horio. N 


38. And now we ha 1 
= Ang em of the 


kingdoms of ani 
viſible earth: an 1s means ſhewn 


the general prevalence = of "wh phoric appearances 
all bodies, there ſeems —k a natural end of 
what was at firſt propoſed. For I never propoſed 
more in theſe enquines than to ſearch, as far as I 
was able, into theſe wonderful natural appearances, 
leaving their hidden cauſes to be diſcovered by per- 
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ſons of better abilities. This laſt is the province 
of parts and ingenuity, in which reſpects I am 
ſenſible of my own weakneſs. Though I pretend 
to ſuch merit as may ariſe from induſtry and 
diligence. Nevertheleſs, in order to be as uſeful to 
philoſophers as may be, I intend to contract the 
obſervations hitherto made into a few general heads ; 
to point out their connections, and their conſe- 
quences: to propoſe ſome conjectures, if I find 
room for them ; to move ſome queſtions with a view 
of inducing others to ſpeculate upon theſe points : 
and laſtly, I ſhall inſert ſome new obſeryations in 
order to ſtrengthen the foregoing, or to open the 
way to- new ideas. And having gone through 
theſe points with all the diligence in our power, 
we put an end to this whole enquiry. - 


